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LETTER  OK  TRANSMITTAL. 


To  Ill's  Excellencfj,  the  Honorable  Friend  Wm.  Kicharuson, 
Governor  of  the  State  of  California. 

Sir:  1  liave  tlu'  honor  to  herewith  transmit  HuUetin  No.  1)2  o{*  the 
State  Miiiino:  Bureau,  relating  to  the  (Jolcl  Placers  of  California 

As  a  result  of  adverse  legislation,  placer  mining  (particularly  hydrau- 
lic) was  practically  brou^jht  to  a  standstill  by  the  Sawyer  decision  in 
1884.  The  fact  that  vast  sums  remain  in  the  gravels  of  our  ancient 
river  channels  is  shown  by  the  result  of  two  years  of  investigation,  and 
that  there  is,  roughly,  in  the  neighborhood  of  $1 ,00(),()(X),000  that  «-an 
be  recovered  economically. 

A  perfectly  feasible  plan  for  the  workinii"  of  the  ground  under  the 
provisions  of  the  Caminetti  Act  is  suggested,  and  is  to  some  extent  now 
being  carried  out  by  private  corporations. 

This  bulletin  is  presented  to  the  public  in  the  hope  that  the  inforuui- 
tion  contained  will  result  in  a  benefit  to  the  State  of  California,  as  well 
as  to  the  gold  mining  industry. 

Respectfully  submitted. 

Lloyd  L.  Root, 
State  ]\Iineraloorist. 
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GOLD   PLACERS   OF   CALIFORNIA. 
Foreword. 

lu  S])ite  oi'  tlu'  lact  lliat  tlic  gukl  placers  oi'  Calitoniia  have  [)r()(liUM'(l 
over  a  billion  dollars  since  their  discovery  in  1848,  the  idea  that  they 
are  now  completely  exhausted  is  entirely  erroneous.  The  elosinjj:  down 
of  the  hydraulic  mines  of  the  State  was  accomplished  by  the  famous 
Sawyer  decision  of  1884,  and  their  attempted  j-e(>i)ening,  under  the 
terms  of  the  Caminetti  Act  of  1893,  was  so  bitterly  fought  at  every  turn 
by  the  agricidtural  interests  of  the  State,  tliat  the  industry,  so  far  as 
tributaries  of  the  Sacranu'iito  and  San  Joatpiin  i-ivers  are  concerned, 
has  lapsed  into  a  moribund  condition. 

The  primary  cause  of  tiiis  was  the  complete  disregard  of  the  rights  of 
the  farmers  of  the  State  by  certain  mining  interests  prioi*  to  1884  and 
a  revengeful  spirit  shown  by  certain  farming  interests  toward  the 
miners  when  the  agricultural  interests  gained  the  upper  lunid  in  the 
courts. 

Had  a  spirit  of  compromise  prevailed  in  the  ranks  of  l)oth  the 
mining  and  the  agricultui-al  interests,  there  would  have  l)een  in  1884, 
and  there  would  be  now,  no  reason  why  a  workable  plan  for  the  con- 
tinuation of  liydraulic  mining  should  not  have  been  put  into  effect.  In 
the  course  of  an  investigation  of  placer  mining  conditions  in  this  State, 
made  by  the  California  State  INIining  Bureau,  in  the  past  two  years, 
certain  facts  have  been  clearly  established ;  and  it  is  the  purpose  of 
this  report  to  prove  these  facts,  which  may  be  sunnnarized  as  follows: 

The  principal  gold  placer  area  of  California  lies  in  the  Sierra  Nevadas 
between  Susanville  on  the  north  and  •Mariposa  on  the  south.  This  area 
is  the  one  that  is  restricted  by  the  present  debris  law.  It  is  tril)utary 
to  the  Sacramento  and  San  Joaquin  rivers,  which  have  been  classed  as 
navigable  streams.  Aside  from  this  area,  there  is  a  very  considerable 
yardage  of  available  gravel  still  remaining  on  the  tributaries  of  the 
Klamath  River,  which  will  be  discussed  in  the  economic  section  of  this 
report.  The  district  within  the  Sierras,  however,  is  by  far  the  most 
important  from  an  economic  standpoint.  From  investigations  thus  far, 
it  seems  fairly  safe  to  assume  a  total  of  about  seven  billion  yards  of 
gravel  distributed  among  the  different  drainage  areas,  as  follows 
approximatelv:  Feather  River  500,000,000  yards:  Yuba  River 
3,500,000,000"  yards ;  Bear  and  American  rivers  2,500,000,000  yards; 
IMokelumne,  Cosumnes.  Calaveras,  Tuolumne,  and  Stanislaus  rivers 
500,000,000  yards.  The  above  figures  include  both  drift  and  hydraulic 
ground. 

The  above  total  of  7,000,000,000  yards  is  of  course  not  all  available 
for  working  from  an  economic  standpoint.  Tt  is  fairly  safe  to  assume 
that  at  least  40  per  cent  of  this,  due  to  its  location  ami  elevation  with 
regard  to  available  water,  is  not  feasible  for  working.  This  leaves, 
roughly,  about  4.000.000.000  yards,  which,  judging  fi-om  past  perform- 
ance in  the  days  of  unrestricted  mining,  .should  yield  an  average  of 
about  15  cents  a  yard :  and  if  hydraulic  mining  is  restored  under 
proper  restrictions  with  regard  to  controlling  of  debris,  there  i.s, 
roughly  in  the  neigh])()i-hood  of  .I^BOO.OOO.OOO  to  be  recovered  from  these 
drainage  systems  alone. 

A  perfectly  feasible  plan  for  the  working  of  this  ground,  under  the 
provision  of  the  Caminetti  Act,  is  now  suggested  and  is  to  some  extent 
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now  Ix'iim  {'iiri'icd  out  by  |)rivat('  corponitioris.  Should  Ihc  woi'k  he 
Miiiplificd  to  cover  the  whoh'  drjiiuaiic  system,  it  shouhl  pi'operly  he 
under  tlie  eonti-ol  of  the  national  and  state  jiovernments  in  eon  junction. 

Ki'leHy,  the  phin  wouhl  consist  of  the  erection  of  eonerete  debris  dams 
at  controlling^  points  on  the  Feather,  the  Yuba,  the  Hear,  the  American, 
the  Cosunnies,  the  .Mokelumne,  and  tlie  ('alaveras  rivers.  These  dams 
will  taUe  care,  not  only  of  the  hydraulic  miners'  (lel)ris,  but  also  of  the 
natural  erosion,  which  is  now  bcMny-  carried  into  the  Sacramento  and 
San  Joa(|uin  rivers  by  their  tributaries,  reirardless  of  the  restriction  and 
even  elimination  of  hydraulic  operations. 

Uy  various  independent  i n vest iu'a tors  it  has  l)een  estimated  that  the 
debris  carried  down  from  natural  erosion  is  from  KM)  to  200  per  cent 
lireater  than  the  amount  caused  by  the  minino:  operations. 

These  concrete  dams  will  take  care  of  all  of  the  debris,  with  the 
exception  of  such  slimes  and  flocculent  matter  as  are  carried  over  them 
in  suspension  by  the  winter  and  sprin^^  floods.  This  material  can 
readily  be  taken  care  of  by  the  erection  of  barriers  in  the  Sacramento 
and  San  Joaquin  valleys  similar  to  the  Yuba  barrier  at  Daunerre  T*oint. 
The  material  impounded  behind  these  barriers  can  be  pumped  out  and 
used  for  the  reclaimino:  of  swamp  lands  in  the  vicinity  at  a  cost  not  to 
exceed  five  cents  a  cubic  yard. 

The  advantages  to  the  State  of  California  which  would  accrue  from 
a  construction  of  these  works  would  be  tremendous.  In  the  first  place, 
the  Sacramento  and  San  Joaquin  rivers,  notal)ly  the  former,  would 
begin  cutting'  down  to  the  old  grades,  which  existed  in  1848.  This 
would  result  in  the  restoration  of  navigation  in  these  rivers  up  to  Colusa 
and  Marysville,  as  in  former  days.  The  advantage  to  farmers  of  con- 
venient transportation  on  the  Sacramento  River  would  be  of  great 
value. 

The  effect  of  this  clearing  of  the  rivers  would  first  be  felt  in  San 
Francisco  Bay.  The  action  of  the  tidal  flow  in  the  Golden  Gate  would 
in  a  few  years  clear  the  channel  to  IMare  Island  Navy  Yard  and  would 
prevent  the  abandonment  of  this  navy  station,  which  is  now  being 
seriously  considered  by  the  government,  due  to  the  continual  silting  u]) 
of  the  channel  from  the  debris  now  being  carried  down  by  natural 
erosion.  Proceeding  up  the  rivers,  the  expense  of  dredging  and  keeping 
the  channel  clear  on  both  the  Sacramento  and  the  San  Joaquin  would 
gradually  be  eliminated.  The  necessity  of  building  levees  would  be 
gone  in  a  few^  years,  and  the  direct  expenditure  saved  to  the  taxpayers 
of  this  State  and  those  of  the  nation  would  be  considerable.  The  fact 
of  easily  available  transportation  of  the  farming  products  of  the  Sacra- 
mento Valley  to  centers  of  distribution  would  result  in  lowering  the 
cost  of  farm  products  to  the  consumer. 

The  miner,  secure  in  the  knowledge  that  his  tailinss  were  being 
impounded  permanently  and  without  any  injury  whatsoever  to  the 
farming  lands  below,  would  begin  storing  water  for  mining  operations 
in  every  available  creek  and  river.  This  w^ater,  which  now  goes  to 
waste  in  the  annual  winter  and  spring  floods,  especially  during  the 
months  of  April  and  May,  would  be  held  back  in  small  reservoirs  and 
turned  into  the  river  during  the  months  of  July  and  August,  when  it 
is  most  needed  by  the  farmers  below  for  irrigation  purposes.     This  in 
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ilsi'lf  would  1)1'  woitli  thousands,  and  even  iinllinus  of  dollars.  1o  the 
fanners. 

In  futtini:  down  to  tlicii-  dd  irradcs,  the  Saci-amcnto  and  its  tiil)U- 
tarios  would  automatically  i-tsdaini  several  humlreil  thousand  acres  of 
lantl  which  is  now  swamp,  and  which  would  he  converted  hv  this  action 
into  rich  farminir  land,  therehy  chanirinir  its  value  fi'om  ahout  ten 
dollars  an  acre  to  fi'om  ten  to  thirt\-  times  that  much.  The  counties 
tliat  wouhl  he  notably  and  fav()ra))ly  aft'ectcHl  by  this  action  would  he 
Colusa.  Sutter,  Yuha.  (Jlenn,  and  Yolo.  The  increased  value  of  land 
due  to  this  recdamation  would  in  itself  p.iy  for  the  cost  of  installation 
of  the  projected  dams. 

The  power  companies  would  henetit  materially  fi'oin  tlie  irovernmeut 
construction  of  these  dams.  At  i)resent  the  cost  of  these  works  is 
defrayed  l)y  hondinii-  the  power  companies,  and  service  chartres  made 
are  ultimately  borne  l)y  the  consumer  to  carry  the  interest  and  principal 
of  these  bonds.  If  the  cost  of  these  dams  was  initially  borne  by  the 
irovernmeut  and  they  were  leased  for  power  purposes  on  lon.ir  term 
leases  to  the  present  operatino:  power  companies  at  a  fi»rure  which  would 
carry  their  amortization  over  a  period  of.  say,  one  hundred  years,  the 
increased  power  available  could  be  furnished  under  federal  and  state 
retrulation  to  the  consumers  of  California  at  a  very  moderate  fiirure  and 
still  leave  a  fair  profit  for  the  companies.  In  addition  to  this,  the  power 
companies  would  rest  secure  airainst  any  fundamental  invasion  of  their 
future  possibilities  of  i)owei'  (b^velopuicnt  from  freak  le<iislation  of  any 
sort  or  type  whatsoever. 

The  advantases  to  the  cities  of  Sacramento  and  ^larysville,  as  well 
as  many  other  communities,  from  the  flood  protection  offered  by  these 
dams,  is  incalculable.  From  the  earliest  days  of  the  civilized  occupa- 
tion of  California,  about  once  in  a  generation  an  uncontrollable  flood 
has  resulted  in  the  loss  of  millions  of  dollars  and  of  many  lives.  These 
floods  are  periodically  recurrent.  Under  present  conditions,  whenever 
the  flood  plane  of  the  American  River  and  that  of  the  Yuba  and  its 
tributaries  rise  concurrently  and  not  separated  by  from  four  to  Ave 
days,  as  is  trenerally  the  case,  the  cities  of  Sacramento  and  ^larysville 
are  doomed  to  a  less  which,  in  their  present  condition,  would  run  from 
five  to  fifty  millions  of  dollars,  dependino:  upon  the  severity  and  extent 
of  the  flood.  Xo  levees  as  yet  constructed  or  caj)able  of  being'  con- 
structed will  control  the  Sacramento  River  under  flood  conditions,  for 
the  reason  that  the  cross  sectional  area  cf  the  Carquinez  Straits  will 
discharo:e  only  one-fifth  cf  the  volume  of  water  that  the  tributaries  of 
the  Sacramento  and  San  Joaquin  rivers  will  j)our  down  under  maximum 
flood  conditions.  The  excess  water  backs  up  in  the  valley  and  at  stated 
intervals,  orenerally  about  once  in  a  ijeneration,  will  completely  inundate 
the  two  cities  above  mentioned  and  cause  uncontrollable  loss. 

It  has  been  proved  in  the  case  of  the  city  of  Dayton.  Ohio,  that  the 
buildingr  of  control  dams  on  the  tributaries  of  the  river  is  the  only 
means  of  avoiding  such  a  catastrophe.  By  proper  supervision  and 
emptyintr  of  the  reservoirs  behind  the  dams  upcn  the  approach  of  such 
a  flood,  the  maxinuim  discharge  into  the  rivers  can  be  controlled  so  as 
to  maintain  a  steady  flow,  which  will  not  materially  endano:er  the  cities 
along  the  banks  of  the  river. 
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The  above  are  tlio  advaiitnoos  to  the  \)oo\)\e  of  tlie  State  not  directly 
atVeeted  by  the  gravel  iniiici-.  Tt  is  not  proposed  to  restore  hydraulic 
mining  on  the  scale  in  which  it  was  practiced  during  tlie  days  from 
1870  to  1884.  There  is  gravel  available  in  the  Sierras  to  keep  Ihc 
hydranlic  miner  going  foi*  the  next  hundred  years  at  an  annual  produc- 
tion of  five  million  dollars  and  over.  This  production  will  result  in 
an  increased  value  given  to  taxable  property  in  all  the  mountain 
counties  of  the  Sierras.  IMany  thousands  of  men  will  be  given  emph)y- 
ment,  not  only  in  the  construction  of  these  dams,  but  in  the  working  of 
the  gravel  properties.  The  quartz  mines  themselves  will  be  helped  from 
the  reduction  in  their  taxation,  from  the  increased  available  supply  of 
labor,  and  from  the  fact  that  during  the  summer  and  fall  months 
innumerable  prospectors  who  have  been  working  in  the  placer  mines 
during  the  winter  and  spring,  will  be  spread  over  the  country  and  will 
undoubtedly  discover  and  begin  to  open  new  quartz  properties  for 
development  by  capital  later  on. 

Every  merchant  in  every  small  town,  village  and  city  in  California 
will  benefit  by  the  introduction  of  this  flood  of  new  gold  every  year. 
Their  sales  wqll  be  increased  by  the  greater  buying  powder  of  the 
mountain   counties. 

Under  the  provisions  of  the  Caminetti  Act,  these  dams  are  provided 
for,  their  original  cost  to  be  borne  by  the  government  and  to  be  repaid 
by  a  three  per  cent  income  tax  borne  by  the  miners.  As  a  matter  of 
fact,  this  cost  wdll  be  repaid  many  times  over  by  the  value  of  the 
reclaimed  land,  the  water  available  to  the  farmers  for  irrigation,  the 
power  available  to  the  consumers  through  the  powder  companies,  the 
reduced  cost  of  transportation,  and  the  restoration  of  the  old,  open 
clear  channels  to  the  State  of  California. 

So  far  as  the  miner  is  concerned,  his  benefit  is  the  smaller  considera- 
tion of  this  plan,  as  his  increased  scale  of  operation  and  production, 
resulting  in  an  increase  of  five  to  ten  millions  per  year  in  gold  of  the 
State,  is  very  small,  compared  to  the  value  of  the  increased  production 
and  lowering  in  cost  of  tlie  agricultural  products  of  the  valley. 

In  conclusion,  it  may  be  stated  that  the  purpose  of  this  report  is  to 
prove  the  facts  that  have  been  stated  in  the  above  summary.  To  this 
end  the  report  has  been  divided  into  an  economic  chapter  showing  the 
resources  and  availability  of  the  placer  gravels  of  the  State ;  a  chapter 
showing  the  most  profitable  methods  of  working  them;  and  a  chapter 
showing  the  feasibility  and  going  into  the  details  of  the  plan  for  the 
restoration  of  hydraulic  mining  which  has  been  outlined  above. 

Again  it  should  be  emphasized  that  this  plan  will  work  primarily 
for  the  agricultural  interests  of  this  State,  and  secondly  for  the  benefit 
of  the  miners,  and  through  them  to  the  benefit  of  the  power  companies, 
the  merchants,  the  artisans  and  mechanics;  and  in  short,  to  the  benefit 
of  the  people  of  the  State  as  a  wiiole.  There  is  no  single  individual  in 
the  State  who  works  with  hand  or  brain  who  will  not  benefit  by  the 
increased  agricultural  and  mineral  production  that  will  be  poured  into 
the  coffers  of  the  State  for  hundreds  of  years  in  the  future  as  a  result 
of  the  measures  recommended  above ;  and  the  increased  prosperity  of 
the  State  will  be  reflected  in  that  of  the  countrv  at  large. 
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CHAPTER   I. 
CONTROL  OF  MINING   DEBRIS. 

As  the  carlv  hislory  of  the  American  ()ecui)ati(!!i  of  ( 'iiliforiiiM  is 
assoeiated  witli  the  i;()l<l  miners  of  'forty-nine,'  so  tlie  economic.  (leveloj> 
ment  of  the  State  is  ])onn(l  np  witli  the  history  of  hydi'aulic  mininjr. 
Durin*::  the  period  from  1S4S  to  ISfiO.  tlie  working'  of  t)ie  jjravels  l)y 
hand  was  very  easy,  owinij:  to  tlie  thousands  of  acres  of  liij^ht  gravel 
whose  shallow  hanks  hehl  the  concentrates  of  the  uold  derived  from  tlie 
ancient  eroded  auriferous  channels.  This  work  in  the  early  days  was 
done  chiefly  by  the  use  of  the  pan,  the  rocker,  the  long  torn,  and  other 
crude  gold-saving  devices.  Later,  the  ground  sluice  was  developed,  and 
to  aid  in  the  washing  of  gravel  through  this,  water  was  applicfl  under 
pressure  with  cotton  and  rubber  hoses  through  nozzles  against  the 
gravel  banks. 

Later,  iron  pipe  was  used  in  place  of  hose,  and  the  nozzle  was 
increased  in  size  and  changed  in  form  until  the  hydraulic  giant  was 
evolved.  From  this  })oint  on,  the  development  of  hydraulic  mining 
was  very  rapid,  and  in  1876,  when  it  had  obtained  its  maximum  of 
growth,  there  was  over  one  hundred  million  dollars  invested  in  plants, 
equipment,  and  property,  and  the  annual  yield  was  from  eleven  millions 
to  thirteen  millions  of  dollars.  Compared  with  the  fifty  millions  to 
eighty  millions  of  the  annual  yield  before  1857,  this  does  not  seem  very 
large,  but  without  it,  dui'ing  the  decade  of  1870  to  1880,  the  annual 
yield  of  California  gold  would  have  been  insignificant. 

In  the  following  resume  free  use  is  made  by  the  author  of  material 
collected  by  him  in  an  article  on  this  subject,  published  in  the  issues  of 
'Alining  and  Scientific  Press'  of  San  Francisco  on  December  12  and  19, 
1914. 

While  the  hydraulic  mines  were  flourishing,  the  owners  apparently 
overlooked  the  growth  of  another  industry  which  was  one  day  destined 
to  drive  them  from  their  own  field  by  the  action  of  the  courts.  The 
broad  valleys,  where  the  tributaries  of  the  Sacramento  and  San  Joaquin 
unite  with  these  streams,  teemed  with  fertility  and  these  rich  farming 
lands  soon  attracted  the  attention  of  immigrant  farmers.  Land,  which 
the  miners  could  originally  have  bought  for  a  song  and  held  as  a  per- 
petual dumping  ground,  steadily  mounted  in  value  and  its  increasing 
productivity  permitted  the  farming  interests  gradually  to  outgrow  the 
mining  in  economic  importance. 

The  accumulation  of  debris  in  the  rivers  was  long  a  source  of  annoy- 
ance and  considerable  damage  to  the  farmers.  Even  during  the  days  of 
ground  sluicing,  the  great  flood  in  the  winter  of  1862  covered  the  richest 
bottom  and  orchard  lands  along  the  Bear  and  Yuba  rivers  with  tons  of 
debris  from  the  gold  washing.  At  this  time,  however,  mining  was 
regarded  as  the  more  legitimate  and  powerful  industry,  and  but  little 
protest  was  made.  As  the  strength  of  the  agricultural  interests  grew, 
protests  against  the  overloading  of  the  rivers  became  more  and  more 
frequent  and  more  powerful  until  the  struggle  cidminated  in  the  famous 
Sawyer  decision  on  January  23,  188-1:.  This  decision,  in  the  form  of  an 
injunction,  handed  down  W  the  United  States  Circuit  Court,  in  the 
case  of  Edicards  Woodruff  vs.  North  Bloomfield  Gravel  Mining  Com- 
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panfj  (I  (il..  wiped  out  at  one  l)l()\v  property  values  exeeediiiji;  one  liuu- 
(Ired  iiiilliou  dollars  and  indefinitely  |)()stp()ned  the  addition  to  tiie 
woi-ld's  wealth  of  what  has  been  rouuhly  estimated  at  fj'oni  live  hundred 
million  dollars  upwards  in  the  value  of  plaeei*  ^old. 

The  Sawyei-  decision  was,  however,  hut  the  eulmination  of  a  lonj^ 
stru*»,iile.  The  farmers  of  Sutter,  Yuba,  Saeramento,  and  a  few  other 
of  the  valley  counties,  organized  in  the  early  seventies  the  Anti-l)ei)ris 
Association,  to  take  their  stru«i<;ie  into  the  courts.  They  were  opposed 
l)y  the  once  powerful  California  Miners'  Association,  and  the  struf(*icle 
was  \on*x  and  hitter.  The  story  of  the  figlit  fi'om  the  miners'  i)oint  of 
view  was  especially  interesting,  and  from  it  one  can  gain  an  idea  of 
the  principles  for  which  each  side  was  contending.  To  that  end,  I 
(|Uote  from  a  circular  issued  by  the  Miners'  Association  on  June  15, 
18&'3,  which  briefly  reviews  the  then  existing  situation. 

*  *  *  I  deem  it  proper  to  revert  to  the  services  of  this  association  in  the  defence 
of  the  mining  industry.  The  tirst  case  of  importance  was  that  of  Keyes  vs.  Little  York 
and  38  other  defendants,  begun  July  29,  1876.  After  a  long  trial,  wherein  the  best 
legal  and  engineering  talent  was  employed,  a  judgment  was  rendered  against  us. 
We  appealed  the  case  to  the  Supreme  Court  of  California,  where  it  was  reversed  on  a 
point  raised  by  demurrer,  on  the  ground  of  misjoinder  of  parties  defendant. 

The  City  of  Marysville  then  brought  suit  (September  15,  1879)  against  the  North 
Bloomfield  Gravel  Mining  Co.  and  32  other  companies.  They  included  about  200 
other  persons  as  defendants.  The  defendants  appealed  to  the  Supreme  Court  from 
the  injunction  issued  in  that  suit  and  also  demurred  and  applied  for  change  of  the 
place  of  trial.  The  motion  was  refused  and  an  appeal  was  taken  to  the  Supreme 
Court,    where   it    is   now   pending. 

*  *  *  Simultaneously  with  above  action  (State  of  Calif ornui  vs.  Miocene  Mininij 
Co.)  the  Attorney  General  commenced  suit  (June  2  8,  1881)  against  the  Gold  Run 
Mining  Company  of  Placer  County.  Defendants,  through  the  counsel  of  the  association, 
demurred  and  answered.  The  trial  came  on  in  October,  1881,  and  occupied  the 
court  60  days.  The  presiding  judge  (Temple)  tendered  a  decision  June  12.  1882, 
sustaining  the  injunction,  with  a  qualification  that  on  a  proper  showing  of  the 
construction  of  dams  to  restrain  the  coarse  material  he  would  entertain  a  motion 
to  dissolve  the  injunction.  The  point  raised  on  demurrer  as  to  want  of  authority  of 
the  Attorney  General  to  use  the  name  of  the  State,  was  not  decided,  but  referred  to 
the  Appellate  Court.  Neither  party  fully  acquiesced  in  the  decision.  Defendants 
appealed  to  the  Supreme  Court.  Appeals  were  taken  by  both,  and  the  day  of  argu- 
ment  is   not   yet  set. 

Then  the  County  of  Yuba  sued  the  Excelsior  Water  &  Mining  Co.,  the  Eureka 
Lake  &  Yuba  Canal  Co.  Cons.,  the  Blue  Tent  Consolidated  Hydraulic  Gold  Mines  of 
California.  Ltd.,  and  the  Yuba  River  Gold  AVashing  Co.  The  last  had  further 
time  to  plead,  which  is  now  about  expired.  Injunctions  were  issued  in  all  these 
cases,  ex  parte  and  without  notice  to  the  defendants.  Then  came  the  suit  of  the 
County  of  Sutter  vs.  J.  F.  Hickey  et  at.,  commenced  April  14,  1882.  in  the  County 
of  Colusa.  The  defendant's  mine  is  in  Nevada  County.  Also  about  the  same  time  a 
suit  against   the   Birdseye-Creek  Co.   of  Placer   County. 

The  last  action  brought  is  that  of  Ddxvards  Woodruff  vs.  North  Bloomfield  Gravel 
Mining  Co.,  Milton  Mining  if  Water  Co.  and  some  eight  other  companies.  It  is  sub- 
stantially of  the  same  nature  as  the  others,  praying  for  a  perpetual  injunction. 
Woodruff  being  a  citizen  of  another  state  the  suit  was  brought  in  the  Circuit  Court 
of  the  United  States,  Judge  L.  B.  Sawyer  presiding.  Defendants  demurred  on  ground 
of  misjoinder  of  parties  defendant.  The  demurrer  was  argued  by  the  ablest  counsel 
in  the  state,  occupying  the  court  two  weeks,  and  was  overruled.  The  testimony  is 
now  being  taken  before  commissioners  for  the  main  trial  in   September. 

All  of  the  above  actions  have  been  defended  by  the  Miners'  Association,  at  an 
aggregate    expense    of    not    less    than    $200,000. 

The  decision  in  the  case  last  referred  to  may  be  quoted  in  its  principal 
part  as  follows : 

And  that  the  defendants  herein  *  *  *  and  each  and  all  of  their  servants, 
agents  and  employees,  are  perpetually  enjoined  and  restrained  from  discharging  or 
dumping  into  the  Yuba  River,  or  into  any  of  its  forks  or  branches,  or  into  any 
stream  tributary  to  said  river  or  any  of  its  forks  or  branches,  and  especially  into 
Deer  creek.  Sucker  Flat  ravine.  Humbug  creek,  or  Scotchman's  creek,  any  of  the 
tailing,  boulders,  cobble  stones,  gravel,  sand,  clay,  debris,  or  refuse  matter  from  any 
of  the  tracts  of  mineral  land  or  mines  described  in  the  complaint.  And  also  from 
causing  or  suffering  to  flow  into  said  rivers,  creeks,  or  tributary  streams  aforesaid 
therefrom,  any  of  the  tailing,  boulders,  cobble  stones,  gravel,  sand,  clay,  or  refuse 
matter  resulting  or  arising  from  mining  thereon.  And  also,  from  allowing  others 
to  use  the  water  supply  of  said  several  mines  or  mining  claims,  or  any  part  thereof, 
for  the  puri^ose  of  washing  into  said  rivers  and  streams,  any  earth,  rock,  boulders, 
clay,  sand,  or  solid  material  contained  in  any  placer  or  gravel  ground  or  mine. 
*  *  *  That  the  defendants,  or  either  of  them,  may,  at  any  time  hereafter  apply 
to  this   court,    upon   due   notice   to   the   complainant     *      *      *     for  a   modification  or 
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suspension  of  this  injunction  ♦  ♦  ♦  upon  any  showing  which  the  court  may 
(locm  suflicicnt  tliat  the  conditions  hav«'  i)«'cii  so  changed  th;it  the  discharge  of  sucFi 
ininiuK  ti«'l»ris  by  said  parties  or  party  •  •  •  may  !»«•  ifsutncd  (»r  dtlK-rwisc  con- 
ducted, so  as  not  to  create  or  continue  the  nuisance  coniplained  of,  or  a  nuisance  of 
simihir  character,  and  so  as  not  to  injure  or  damaKc  said  complainant,  or  upon  any 
other  grounds  hereafter  arising  satisfactory  to  the  court.  And  for  the  |)urposeH 
aforesaid,  tiie  lourt  hirel)y  reseives  tlu'  power  to  modif.v  or  suspend  said  injunction 
in  whole  or  in  part,  as  the  exiKencies  and  ecpiities  of  the  case  hereafter  arising,  may 
require. 

The  result  of  the  Sawyer  decision  was  far-reae]iin«i'  in  its  effects.  The 
decree  of  the  court  wax  noininally  auainst  tlie  (luni|)inj;  of  the  (hubris 
into  streams  and  riv(»rs  tributary  to  the  watershed  of  the  Great  Valley; 
but  in  actual  fact,  hydraulic  niinin«i-  was  permanently  enjoined  in  all 
of  its  nuijor  o})erati()ns.  The  lar«i('r  mines  were  innnediately  s\ispended, 
as  injuuction  after  injunction  closed  them  down;  and  property  worth 
millions  went  into  disuse  and  decay. 

Many  of  the  smaller  mines,  however,  persisted  in  continuinjz-  opera- 
tions, and  the  Anti-Debris  Association,  composed  of  farmers  of  the 
valley,  carried  on  organized  opposition  to  hydraulic  mining-.  Long  and 
costly  litigation  resulted  and  continued  for  years.  As  injunctions 
had  to  be  secured  in  each  and  every  case,  the  Anti-Debris  Association 
kept  men  in  the  field  securing  evidence,  and  among  the  miners  feeling 
ran  high  against  these  emissaries  of  the  agricultural  interests. 

Gradually,  however,  the  operators  gave  up  the  struggle.  Thousands 
of  people  were  thrown  out  of  employment,  the  gold  production  of  the 
State  dwindled,  and  property  values  in  the  mountain  counties  were 
decreased  by  millions.  For  about  nine  years  that  condition  continued 
in  spite  of  the  fact  that  the  ^Miners'  Association  used  every  effort  to 
mitigate  the  situation  from  the  standpoint  of  the  miners. 

A  review  of  the  situation,  already  growling  serious  in  1881,  by  the 
Miners'  Association,  sets  forth  the  losses  resulting  from  the  closing 
down  of  hydraulic  mining  in  very  emphatic  fashion.  Following  are 
some  extracts  from  this  review  : 

California  has  produced  (1848-1880)  *  *  *  between  $1,100,000,000  and 
$1,200,000,000  of  gold,  of  which  very  much  the  larger  portion  has  come,  either 
directly  or  indirectly,  from  the  ancient  or  pliocene  river  channels.  *  *  *  As  the 
(surface)  placers  became  exhausted,  the  miners  naturally  turned  their  attention  to 
the  sources  from  which  the  placer  gold  had  been  derived.  Commencing  in  1851.  they 
have  steadily  prosecuted  the  development  and  working  of  the  ancient  river  beds, 
until  the  vield  from  them  amounts  annually  (1881)  to  a  sum  varying  from  $11,000,000 
to  $13,000,000,  witli  the  prospect  for  many  years  to  come  of  equally  great  returns. 
In  order  to  accomplish  this  result,  the  expenditure  of  large  sums  of  money  has  been 
required  in  building  dams,  canals,  and  tunnels.  The  Bloomfield  and  Milton  com- 
panies afford  a  good  illustration  of  the  large  capital  necessary  for  the  successful 
development  of  such  jjroperties.  Work  was  vigorously  commenced  on  the  mines  of 
these  companies  in  1854,  since  wiien  about  $4,000,000  has  been  expended — all 
representing  capital  account — until  1878,  when  their  works  were  finally  completed. 
All  this  $4,000,000,  with  unim.portant  exceptions,  was  furnished  by  stockholders 
resident   in   California. 

We  roughly  estimate  the  present  actual  value  of  these  mines  in  California  to  be 
$80,000,000  ;  adding  to  this  the  property  whose  value  is  dependent  on  the  existence  of 
these  mines,  there  results  a  total  present  value  of  probably  $100,000,000. 

These  statements,  made  in  1881.  show^  how  strongly  the  danger  of 
extinction  of  the  hydraulic  mines  was  felt  at  that  time.  They  also 
serve  to  emphasize  what  a  tremendously  important  effect  upon 
the  economic  progress  of  California  hydraulic  mining  has  had.  To 
continue : 

In  the  early  days  of  placer  mining,  when  there  were  literally  hundreds  of 
thousands  of  miners  washing  the  soil  in  every  gulch,  ravine,  and  river  of  the  Sierras, 
the  aggregate  quantity  of  material  washed  into  the  rivers  must  have  exceeded  the 
amount  which  by  improved,  but  similar  appliances,  is  now  being  placed  in  them. 
*  *  *  The  gravel  channels  of  California  have  yielded  in  the  past  nearly 
$1,000,000,000  of  gold,  which  has  been  a  mighty  force  in  bringing  about  the  existing 
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urosixM-ity  of  the  civiliz.-d   world.      A   still   Kroator  (|urnitity  remains  in  our  unworked 
Imt     (lfV(>lo|H'd    channels,    ready    for    extraction.      •      *      ♦      ('an    ('alifornia — can     the 

Tnitetl   Slates      siilTer   tliis  Ki'i't    Ireasuie   to   he   furexer  locked   np  in  oiir  mountains? 

Extent  of  Damage. 

The  State  lOnKineer  in  .Tannaiy,  ISSO.  after  detailed  and  careful  examination, 
reported  that  4:{.r)4G  acres  of  land  had  heen  dei)reciat(!d  in  value  hy  the  fU)w  of  mining 
dehris.  with  a  resultinK  (himage  amounting  to  $2,r)l>7,G3r).  ♦  ♦  *  That  the 
Feather  and  Sacramento  rivers  have  heen  injured  is  conceded  y)y  all,  hut  we  have  the 
ottioial  statement  of  Captain  Eads — as  competent  an  authority  on  such  matters  as 
can  he  found  in  the  world— that  if  the  flr)w  of  heavy  sands  is  kept  from  entering 
those  streams,  they  can  easily,  hy  proper  treatment,  he  hrought  into  excellent  con- 
dition. ♦  •  ♦  It  seems  to  be  taken  for  granted  that  we  have  to  deal  with  engi- 
neering problems  more  difficult  of  solution  than  have  before  been  encountered.  This 
is  not  the  case,  for  both  in  Krani'c  and  Ital.y  many  of  the  rivers  carry  larger  quanti- 
ties of  earthy  material,  in  proportion  to  the  water,  than  does  the  Sacramento.  In 
these  countries  no  great  difficulty  has  been  experienced  in  protecting  the  lower  lands 
and  rivers. 

From  the  examinations  and  reports  of  our  engineers,  we  became  satisfied,  several 
years  since,  that  it  was  practicable,  at  a  comparatively  moderate  expense,  safely  to 
store  for  many  years  to  come  all  the  injurious  flow  of  mining  debris  in  the  Yuba, 
Bear,  and  American  rivers  by  forming  reservoirs  by  the  construction  of  brush  and 
stone  dams  in  the  bottoms  and  canons  of  those  streams.  *  *  *  iy\q  now  famous 
'Debris  Act'  was  strongly  advocated  by  both  miners  and  farmers,  who,  in  that 
measure,  asked  for  state  aid,  so  that  the  necessary  funds  could  be  secured  to  establish 
a  thorough  system  of  protection.  In  this  legislation  the  miners  showed  their  willing- 
ness to  pay  their  full  share  of  the  burden,  by  being  taxed  in  three  different  ways, 
and  much  more  heavily  than  any  other  class.  Under  the  operations  of  this  act  two 
restraining  dams  were  built  in  1880.  one  across  the  Yuba,  and  the  other  across 
Bear  River,  at  a  cost  of  nearly  $200,000.  The  residue  of  the  money  procured  by  the 
taxes  levied  under  the  authority  of  the  act.  amounting  to  some  $290,000,  was  spent 
chiefly  in  building  levees,  for  the  purpose  of  confining  the  rivers,  so  that  they 
might,  by  a  scouring  action,  deepen  their  beds. 

The  results  of  the  court  decrees  have  been  stated  above.  For  seven 
or  eight  years  the  industry  was  gradually  paralyzed  by  the  activities  of 
the  Anti-Debris  Association  in  serving  injunctions.  In  the  fall  of  1891 
a  number  of  miners  in  Placer  County  who  had  suffered  from  the  closing 
down  of  the  hydraulic  mines  met  and  decided  to  call  a  county  con- 
vention to  see  whether  anything  could  be  done  to  revive  the  hydraulic 
mining  industry.  This  convention  was  called  in  Auburn  with  the  object 
of  formulating  a  plan  for  a  state  miners'  convention  and  memoralizing 
congress  as  to  needed  legislation  for  the  industry.  This  convention  was 
later  called  in  San  Francisco,  and  representatives  of  both  the  mining 
and  farming  interests  were  invited.  The  first  evidence  of  harmony  of 
the  whole  long  and  bitter  struggle  was  here  made  manifest,  and  a 
common  plan  was  agreed  upon  by  both  interests,  which,  although  they 
were  nominally  opposed,  had  begun  to  realize  that  they  were  inter- 
dependent one  with  the  other. 

The  basis  of  this  agreement  was  the  report  of  the  government  com- 
mission of  engineers.  This  commission  was  appointed  by  a  special  act 
of  congress,  upon  suggestion  of  the  legislature  of  California.  It 
appeared  from  their  report  that  dams  and  other  restraining  works  could 
be  erected  in  many  of  the  canyons  for  the  restraining  of  debris  caused 
by  future  mining  operations,  as  Avell  as  debris  already  in  the  rivers  from 
former  operations. 

The  convention  of  miners  then  asked  congress  to  accept  and  adopt 
the  report  of  the  commission  and  to  take  steps  at  once  to  put  into 
practical  operation  the  plan  suggested  so  that  mining  might  be  again 
carried  on  under  specified  conditions,  and  the  debris  restrained  from 
the  rivers  and  farmins'  lands.  The  result  of  this  was  the  'Cammetti 
Act  '  introduced  into  congress  in  1892,  and  passed  in  1893.  It  is  under 
the  provisions  of  this  act  that  whatever  hydraulic  mining  has  been  done 
in  the  restricted  area  of  the  State  from  1893  until  the  present  day 
has  been  carried  on.     Certain  provisions  of  this  act,  however,  appear  to 
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have  l)(H'!i  ovcrkxikcd,  mid  it  is  iindci-  llicsc  pi'ovisioiis  llijit.  tli<'  |)i-('S('ii1 
|)laii  Tor  llic  control  ol'  hvdi-;iidi<'  iiiiiiiiiL:  debris  li;is  liccii  woikcd  out  ;iiid 
is  now  picscMitcd. 

Tli(*  l)rovisions  ol"  tliis  m-i  arc,  csNcidially,  as  follows:  A  coiujiiissiou  is 
created,  kno\vii  as  the  California  Debris  ('oniniission,  consisliu^  of  three 
oflficei's  of  the  Kn^incer  Corps  of  tlic  United  States  Arnn',  appointed  by 
the  President  of  the  United  States,  with  the  advic(!  and  the  consent  of 
the  senate.  The  jurisdiction  of  this  coninii.ssion,  in  so  fai'  as  hydraulic 
niininij;  is  concerned,  extends  over  the  territory  drained  by  the  Sacra- 
mento and  San  Joa(|uin  i-iver  systems.  Hydraulic  minini?  which 
directly  or  indirectly  injures  the  navig:al)ility  of  these  river  systems 
is  prohibited  and  declared  unlaw'ful. 

It  is  the  duty  of  this  connnission  to  make  examinations  and  surveys, 
wliicli  will  improve  the  rivers  and  insure  them  aj^ainst  damage  due 
to  mining-  debris,  luitural  erosion,  or  other  causes,  with  a  view  of  restor- 
ing the  navigability  of  these  rivers  to  the  condition  existing  in  1860, 
and  pcrmitt'nui  In/draulic  mining  to  he  carried  on,  provided  the  same 
can  he  accomplished  without  injury  to  the  navigahilitij  of  said  rivers 
or  injury  to  the  lands  adjacent  thereto. 

The  commission  is  charged  with  the  making  of  examinations  and 
surveys  of  storage  sites  in  the  tributaries  of  these  rivers,  or  in  the  plains, 
])asins,  and  swamp  lands  adjacent  to  their  courses,  for  the  storage  of 
debris  or  water,  w-ith  the  object  of  aiding  in  the  improvement  and  pro- 
tection of  the  rivers  by  preventing  the  deposition  of  debris  resulting 
from  mining  operations,  natural  erosion,  or  other  causes,  or  for  afford- 
ing relief  in  flood  time  and  providing  sufficient  water  to  maintain  a 
scouring  force  in  the  dry  season.  In  addition  to  this,  they  are  charged 
with  making  a  study  of  the  hydraulic  mining  industry,  and  such 
research  as  science  and  engineering  skill  may  suggest  as  practicable  in 
devising  a  method  wherehy  such  mining  nmy  he  carried  on. 

The  commission  takes  note  of  the  condition  of  the  navigable  channels 
and  makes  its  report  to  the  chief  of  engineers  annually,  with  plans  for 
the  construction  of  the  works  outlined  in  this  act,  together  with 
estimates  of  the  costs  thereof. 

The  owners  and  operators  of  h^'draulic  mines  are  required  by  law"  to 
comply  strictly  with  the  regulations  of  this  commission  under  an 
extreme  penalty  of  five  thousand  dollars  fine  and  one  year's  imprison- 
ment. In  all  cases  a  license  or  written  permission  from  the  commission 
must  be  obtained  before  hydraulic  mining  can  be  legally  carried  on. 
These  licenses  are  revocable  b}"  the  commission  and  will  not  be  given 
unless  their  requirements  as  to  restraining  barriers  or  dams  are  com- 
plied with,  and  unless  these  dams  are  properly  maintained,  and  all 
information  asked  for  by  the  commission  is  at  all  times  forthcoming. 
Licenses  may  be  revoked  arbitrarily  b}-  the  commission. 

Hydraulic  mining  is  declared  by  the  act  to  have  the  meaning  and 
application  customarily  given  in  the  State  of  California.  This  term 
embraces  all  mining  operations  where  water  is  used  under  pressure 
through  a  nozzle  against  an}^  bank  of  earth,  gravel,  or  similar  material, 
thus  eroding  the  bank. 

Plans  and  specifications  for  the  building  of  all  restraining  works  are 
submitted  for  the  approval  of  the  commission,  and  the  work  is  carried 
on  under  its  supervision.    If  the  commission  is  of  the  opinion  that  these 
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I'cstrjiiiiiiiu-  (hnns  ;ir<'  siiniciciil  to  prolcd  llic  luiviu.ihlc  rivers  Froiii 
cncioaclniiciil  lu  dcln-is,  llic  owner  ol"  ;i  ininc  is  pennitlcd  1o  coiuiiieiiee 
operjitioiis. 

In  the  ease  ol'  an  iiii|)()nn(liii<:  dani  reslrainin.u  llie  dehi-is  Troiri 
se\-ei-al  |)i"o|)er1  ies,  the  eouuiiission  fixes  llie  eliar'uc  Tor  tlie  privile.i^e  of 
dinnj)iim'  thei'ein.  Tlie  expense  ol'  niaintaiiiinu'  such  dams  or  works  is 
provided  for  hy  this  ehariic.  'I'lie  amount  of  dehris  wliieh  ean  bo 
waslied  is  not  permitted  to  exceed  the  amount  whieh  can  he  impounded 
within  the  restrainin<»'  works  erected.  The  commission  may  at  any  time 
modify  its  orders  or  revoke  the  |)rivi]ey('  to  mine.  Any  inte!itional  viola- 
tion of  its  orders  automatically  works  a  forfeiture  of  th(>  ])i-ivilef^es 
conferred. 

Tlie  conunission  is  empowered  to  erect  dams  for  the  retention  of 
mininf)  debris  out  of  a  fund,  provided  for  this  jmrpose  by  a  tax  of  three 
per  cent  on  the  gross  proceeds  of  hydraulic  mining  operations.  This 
fund  is  denominated  the  debris  fund,  to  be  expended  by  the  commission 
i)i  addition  to  appropriations  made  by  law  in  the  construction  and 
maintenance  of  such  restraining  works  aitd  settling  reservoirs  as  may 
be  proper  and  necessary. 

In  work  done  by  the  United  States  and  the  State  of  California  jointly, 
the  commission  is  empowered  to  consult  with  the  state  eniiineers,  and 
the  result  of  their  findings,  if  approved  by  the  chief  of  engineers  of 
the  United  States  Army,  is  followed  by  the  said  conunission.  The  com- 
mission is  directed  and  empowered,  when  sufficient  money  is  deposited 
in  the  debris  fund,  to  build  at  points  above  the  head  of  navigation  in 
the  said  rivers  and  their  branches  such  restraining  or  impounding 
dams  as  may  be  required  to  effect  the  object  of  clearing  the  rivers  for 
navigation. 

Licenses  to  mine,  under  the  Caminetti  Act,  are  not  transferable  auvd 
are  valid  only  for  the  opera4:ions  of  the  special  individual,  company, 
and  property  named  in  the  license.  An  application  for  license  must  be 
advertised  in  the  newspapers  to  allow  any  protests  to  be  filed  with  the 
commission.  After  the  sites  proposed  for  restraining  works  have  been 
approved  by  the  commission,  authority  is  given  for  the  construction 
of  the  barrier  or  dam,  together  with  specifications  for  the  work.  Any 
variation  in  location  or  change  in  character  of  the  work  from  that 
specified  Iw  the  commission  may  cause  rejection  of  the  dam.  After 
satisfactory  inspection  of  the  completed  work  by  the  commission,  a 
revocable  license  to  mine  is  issued.  lentil  this  license  is  issued,  it  is 
illegal  to  mine.  AVhen  mining  is  begun,  monthly  reports  must  be  sub- 
mitted to  the  commission,  and  in  case  of  any  accident  to  the  barrier, 
mining  must  cease  at  once  and  the  commission  be  promptly  notified. 

When  a  dam  becomes  full  of  debris,  mining  must  cease  until  more 
impounding  capacity  is  provided,  either  by  raising  the  dam  or  the 
construction  of  new  works.  This  work  must  be  inspected  and  approved 
by  the  commission.  Dams  must  be  kept  water-tight,  and  a  pool  at  least 
tw^o  feet  deep  must  be  maintained  as  a  settling  basin  while  mining  is 
in  progress. 

While  the  above  is  not  the  wording  of  the  Caminetti  Act  exactly, 
it  is,  in  effect,  an  abstract  of  the  conditions  necessary  for  the  hydraulic 
miner,  in  any  of  the  drainage  areas  affected,  to  observe  in  order  to 
continue  operations  witliin  the  law.     The  power  of  the  Commission  is 
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arbitrary.  This  is,  ui"  t-oursc,  necessary  I'or  tin;  criic-iciicy  ul'  the  ad; 
but  it  seems  a  necessary  corollary  that  the  men  to  whom  this  arbitrary 
power  is  entrusted  should  be  IhorouLrhly  familiar  with  the  conditions 
jrovernins:  the  work  which  they  control. 

The  area  embraced  under  the  provisions  of  the  Caminetti  Act  includes 
all  of  the  country  drained  b}-  the  Saciamcnto  and  San  Joaquin  rivers 
and  their  tributaries.  In  the  northern  portion  of  the  State,  tributary 
to  the  Klamath  river  system,  hydraulic  minini^  has  been  carried  on 
unrestricted,  owinf?  to  the  extreme  grade  of  the  rivers  and  compara- 
tively small  area  of  agricultural  land  along  their  banks. 

As  a  result  of  the  lack  of  restrictions  in  this  area,  hydraulic  miniuLr 
is  already  within  siglit  of  its  natural  end.  due  to  tlie  cxlnmstion  of 
j)rofitable  ground. 

The  passage  of  the  Caminetti  Act  aroused  great  expectations  in  the 
mountain  counties.  It  was  regarded  as  the  successful  termination  of  a 
long  and  bitter  struggle  between  the  mining  and  agricultural  interests 
of  the  State.  The  general  idea  among  the  miners  was  that  their  formei- 
prosperity  and  flourishing  condition  would  be  in  a  measure  restored. 
It  was  not  expected  that  mining  would  be  conducted  on  the  same  scale 
as  before  the  restrictive  measures  were  adopted ;  but  it  was  hoped  that 
two  or  three  millions  a  year  would  be  added  to  the  decreasing  gold  pro- 
duction of  the  State.  In  the  course  of  a  much  longer  period  of  time,  it 
was  expected  that  more  than  five  hundred  millions  of  dollars  still 
locked  up  in  the  Sierras  would  be  added  to  the  wealth  of  the  country. 
Another  cause  for  congratulation  was  that  the  conditions  governing 
the  pas.sage  of  the  act  showed  that  the  miners  and  farmers  of  the  State 
would  act  harmoniously  and  cooperate  for  the  general  good.  As  the 
act  was  passed  for  the  purpose  of  reviving  the  mining  industry,  it  was 
rightly  expected  "that  the  Debris  Commission  would  not  assume  an 
attitude  that  was  either  hostile  or  suspicious  of  the  good  faith  of  the 
miners. 

And  indeed  this  seemed  to  be  the  case.  The  members  of  the  De])ris 
Commission  bent  every  effort  to  serving  the  best  interests  of  the  State. 
While  friendly  toward  the  mining  interests,  there  was  still  no  partiality 
shown  at  any  point  where  their  interests  seemed  contrary  to  the  general 
good  of  the  commonwealth.  With  this  attitude,  the  miners  were  well 
content,  and  a  certain  amount  of  work  was  resumed.  Restraining 
barriers  were  built  in  conformance  with  the  act,  and  for  a  time  it 
seemed  that  all  was  well. 

But  this  condition  was  not  permanent.  Changes  came  in  the  Debris 
Commission,  as  was  natural  in  a  body  composed  of  army  officers,  in 
accordance  with  the  exigencies  of  the  service.  New  men  came  in, 
unfamiliar  with  the  requirements  of  the  mining  industry,  and  were 
inclined  to  regard  it  as  somewhat  of  a  trespasser. 

In  addition,  the  Anti-Debris  Association,  like  man}'  another  body  orig- 
inally organized  for  a  worthy  purpose,  when  its  purpose  was  accom- 
plished, speedily  degenerated.  The  employment  of  scouts,  or  'spies'  as 
the  miners  were  disposed  to  call  them,  was  perhaps  the  first  branch 
of  the  activities  of  the  association  to  show  decadence.  Pett}^  graft  crept 
in,  and  men  who  were  disposed  to  pay  for  the  privilege  of  working 
unrestrained,  especialh'  if  the  property  in  question  were  out  of  the  way 
and  inaccessible  to  the  officers  of  the  Debris  Commission,  found  out 
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Ilijil  it  \\;i.s  V('i*y  easy  jo  avoid  coiMpI.-iiiils.  On  llic  oilier  hand,  Jiicii  wlio 
()|)('rnt(>(l  ill  .i-ood  faith  iiii(h"i'  the  hiw,  if  Ihcy  did  not  j)ay  tril)iite  to 
certain  indiN'iduals,  I'oiind  I  h('iiis('l\(>s  snhjcclcd  to  continual  annoyance 
and    coiii|)hiint . 

Tliis  (h)cs  not  in  any  way  rcMcct  on  tlic  nicnihcrshij)  o(!  tlio  Debris 
(\)niiuissioii.  Composed  as  it  is  of  officers  of  the  United  States  Army, 
th(\v  are  almve  any  snsi)icioii  of  coiniivance.  On  the  other  hand,  they 
work  at  considerable  disadvantage.  In  the  first  [)lace,  tliey  serve  with- 
ont  extra  pay,  and  whiU^  the  service  is  given  wholeheartedly,  their 
dnties  in  connection  with  river  and  harbor  work  are  so  exacting  and 
onerons  that  they  mnst  of  necessity  work  in  part  on  hearsay  evidence 
in  deciding  where  to  conduct  their  investigations.  (;()mi)laints  filed  by 
the  Anti-Debris  Association  being  their  principal  source  of  information, 
it  followed  that  the  latter  l)ody  had  a  certain  amount  of  influence,  and 
its  petty  influence  was  embarrassing.  Add  to  this  the  fact  that  as  soon 
as  a  man  had  served  long  enougli  on  the  Debris  Commission  to  gain  a 
practical  idea  of  the  Avork  of  the  miners,  he  was  apt  to  be  transferred  to 
another  post,  and  it  is  readily  seen  that  the  efficiency  of  the  Commis- 
sion's Avork  was  subject  to  continual  disturbance. 

On  the  other  hand,  the  California  j\Iiners'  Association,  which  for 
many  years  was  the  most  powerful  backer  of  the  hydraulic  miners, 
became,  with  the  development  of  the  quartz  interests,  less  interested 
in  the  matter,  and  devoted  itself  to  the  more  'legitimate'  forms  of 
mining.  Thus  the  hydraulic  miner  was  l(\ft  in  the  lurch,  Avith  the  result 
that  instead  of  the  tens  of  millions  which  were  formerly  annually  pro- 
duced, and  instead  of  the  millions  which  should  now^  be  produced,  the 
present-day  production  of  hydraulic  mines  in  the  Sierra  region  is  now 
figured  in  a  few  thousands  of  dollars. 

The  loss  to  the  State,  under  present  conditions,  is  tremendous.  In  the 
first  place,  it  has  been  computed  hy  competent  authorities  that  the  loss 
due  to  the  closing  of  the  mines  from  1884  to  1893  was  about  fifty 
million  dollars  in  income.  From  1893  to  the  present  day,  it,  of  course, 
greatly  exceeds  this  figure.  The  actual  physical  loss  in  properties  may 
be  estimated  from  the  fact  that  at  the  time  of  the  Sawyer  injunction, 
there  Avere  in  the  State  about  5225  miles  of  ditch,  built  at  an  estimated 
cost  of  $3,800  per  mile,  including  cost  of  reservoirs.  This  represents  an 
investment  of  about  tAventy  million  dollars.  Investment  in  equipment 
in  the  various  h^'draulic  mines  of  the  State  total  another  twenty  million 
dollars.  The  value  of  the  gravels  themselves,  judging  from  the  figures 
at  AA'hich  they  Avere  assessed,  Avas  about  sixty  million  dollars.  This  value 
has  been  practically  Aviped  out.  As  a  result,  it  may  be  said  that  at  one 
bloAV  the  SaAvyer  decision  reduced  the  visible  assets  of  the  State  of 
California  by  one  hundred  million  dollars. 

The  loss  to  the  farmers  and  merchants  of  the  State  mav  be  fairly 
calculated  as  follows:  At  the  time  of  the  closing  doAvn  of  the  hydraulic 
mines,  their  annual  yield  Avas  about  five  million  three  hundred  thousand 
dollars.  The  cost  of  supplies  and  labor  in  the  production  of  this  amount 
Avas  betAveen  three  and  four  millions  of  dollars.  Fifty  per  cent  of  this 
Avas  in  the  form  of  supplies  directly  furnished  by  the  farmers  of  the 
valley  adjacent  to  the  mining  region.  The  merchants  of  Sacramento, 
jMarysville,  Oroville,  and  other  distributing  centers,  derived  consider- 
able benefit  from  the  handling  of  the  supplies  consumed  by  the  miners, 
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lull  lln'  (Uttiiiir  oil"  ol"  tliis  markt'l  alVcdcd  iiiwiiv  of  llinn  lo  lln-  puiul  ul" 
bankruptcy.  In  tlu-  mountain  towns,  whole  ('(nnnuinitics  of  several 
thousand  inhabitant.s  were  reduced  to  villaires,  and  in  nian\-  eases  entire 
eommunities  were  wi[)ed  out.  This  resulted  in  the  d!'i)oi)ulation  of  the 
niininjj:  counties,  antl  a  (h'precinti(»n  in  ass(\ssal)le  values  from  which  they 
have  never  recovered. 

In  addition  to  the  above-mentioned  losses,  there  was  a  potential  loss. 
wliich  far  exeeeils  all  of  the  others  i)ut  toLrethcr.  and  which  directly 
att'ected  the  prosperity  of  the  State  of  California  during  the  last  forty 
years,  and  .still  continues  to  affect  it  adversely.  According  to  the  figures 
of  the  Reclamation  Service  of  the  Tnited  States  (ieolojxical  Survey, 
there  are  about  800,000  acres  of  unclaimed  swamp  lands  in  the  Great 
Valley  of  California.  If  the  silt  and  finer  gravel  sent  down  by  the 
miners  had  been  diverted  to  the  reclamation  of  this  land,  and  if  the 
lioulders  and  lighter  material  had  been  restrained  from  the  rivers  by 
the  construction  of  restraining  dams,  under  the  provisions  of  the 
Caminetti  Act,  the  rivers  themselves  in  cutting  down  to  their  old  grades 
would  have  reclaimed  a  large  proportion  of  these  now  worthless  swamj) 
lauds.  The  actual  value  of  the  lands,  which  are  possible  of  reclamation 
by  an  intelligent  handling  of  our  river  and  debris  problems,  exceeds, 
at  a  modest  estimate,  one  hnndred  millions  of  dollars. 

The  reclamation  of  these  lands  will  result  in  the  addition  of  a  per- 
manent asset  to  the  resources  of  the  State  of  California,  which  will  be  of 
tremendous  value.  As  a  heritage  to  future  generations,  these  lands, 
when  reclaimed,  will  support  a  population  almost  equal  to  the  present 
population  of  the  State.  Their  productive  capacity  is  equal  to  that  of 
the  richest  land  now  existing  in  the  State  if  they  are  properly  drained 
and  re-soiled  with  the  light  debris  which  passes  over  the  restraining 
dams  built  in  the  higher  reaches  of  the  rivers.  So  far  from  beins:  a 
menace  to  the  farmer,  a  quotation  from  a  resolution,  passed  by  the 
directors  of  the  irrigation  district  of  Oakdale  in  May,  1919,  will 
indicate  how  beneficial  this  silt  is  to  the  lands  whose  fertility  has  beeli 
exhausted. 

The  resolutions  state  that  instead  of  the  silt  from  the  rivers  injuring 
the  district,  it  has  been  highly  beneficial,  the  debris  from  the  river 
having  already  greatly  enriched  the  soil.  They  state  that  investigations 
have  disclosed  that  irrigation  from  the  .silt-laden  river,  below  the 
Goodwin  dam,  has  actually  built  up  fertile  soil  by  depositing  the  silt 
that  came  down  the  river  on  the  land  and  giving  it  body,  as  Avell  as 
fertility. 

In  another  district,  near  Turloek,  the  former  chief  engineer.  ]\Ir.  Bur- 
ton Smith,  stated  that  land  that  would  not  even  grow  sunflowers  when 
the  district  was  organized,  now  produces  enormous  crops.  Experts 
ascribe  this  to  the  silt  deposit  on  the  soil  from  the  rivers. 

The  above  instances  are  cited  from  many  which  have  come  to  the 
writer's  notice  since  the  organization  of  irrigation  districts  in  the  Great 
Valley  of  California. 

In  restraining  the  operations  of  hydraulic  mining,  the  need  of  a 
training  in  the  principles  of  the  industry  would  seem  to  be  as  necessary 
as  in  the  actual  operation  of  the  mines  themselves.  The  building  of 
satisfactory  dams,  the  recognition  of  the  principles  controlling  the 
transportation  of  sand  and  clay,  as  well  as  light  gravel  in  the  material 
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hciiij?  worked,  nic  all  raclors  wliicli  should  he  taken  into  accouut.  The 
l)riiicil)al  factor  ol'  all,  howcvci-,  and  one  whieli  iindc^r  tlu;  present  law, 
is  a  burden  resting'  allojxclher  on  the  hydraulie  miner,  is  the  natural 
erosion  caused  by  the  intermittent  iioodinj^^  of  the  streams  from  tlie 
torrential  storms  of  the  Sierras.  Tiie  denudation  of  our  forests  and  the 
increased  cultivation  of  tlie  Sierra  footliills  liave  increased  the  volume 
of  material  borne  into  the  rivers  from  this  source  ])y  several  Imndred 
per  cent. 

The  work  of  re^j^ulation  requires  all  the  time  that  can  be  given  to  it 
by  a  body  of  men  specially  assigned  for  this  purpose,  if  arbitrary 
restrictions  are  to  be  removed.  There  is  absolutely  no  reason  wh}^ 
several  times  the  present  number  of  hydraulic  mines  in  the  Sierran 
counties  should  not  be  in  active  operation,  so  far  as  the  damage  done 
by  debris  is  concerned. 

A  factor  which  has  tended  to  curtail  the  operation  of  hydraulic 
mines  has  been  the  increasing  use  of  water  for  power  and  irrigation 
purposes,  as  well  as  its  use  for  domestic  supply  for  various  towns.  There 
is  no  question  but  that  the  power  interests  have  grown  to  a  position  of 
great  importance,  as  well  as  have  the  irrigation  systems;  nevertheless, 
there  is  in  this  fact  no  need  for  conflict.  During  from  four  to  six 
months  of  the  year,  the  streams  of  the  Sierras  carry  an  excess  volume 
of  water,  which  all  the  storage  systems  yet  devised  or  likely  to  be 
devised  for  some  time,  can  not  contain.  This  water,  or  a  small  portion 
of  it,  is  what  the  miners  would  conserve,  and  instead  of  running  off 
during  the  months  of  April  and  May,  it  would  be  held  back  and  turned 
into  the  rivers  during  the  months  of  July  and  August,  when  it  is  most 
needed. 

The  conditions  which  confront  the  hydraulic  miner  today,  in  spite 
of  the  relief,  supposed  to  be  afforded  by  the  Caminetti  Act,  are  such 
that  the  industry  is  nearly  defunct.  The  remedy  for  this  state  of 
affairs  is  simple  and  should  be  applied;  it  means  the  increasing  of 
California's  gold  production  in  the  neighborhood  of  five  million  dollars 
a  year  for  the  next  one  hundred  years  or  over,  and  the  restoration  of  a 
portion  of  their  former  wealth  to  the  mountain  counties  of  the  State. 

In  a  publication  of  the  United  States  Geological  Survey,  entitled  '  The 
Transportation  of  Debris  by  Running  Water,'  there  are  some  very 
interesting  statements.  In  speaking  of  the  flow  of  the  Yuba  River  and 
its  suspended  load  in  1879,  when  that  stream  was  at  its  flood  and  when 
hydraulic  mining  was  being  carried  on,  the  following  results  Avere 
noted :  When  the  discharge  was  26,000  cubic  feet  per  second,  a  load  of 
0.35  per  cent  by  weight  was  noted ;  when  the  discharge  was  18,000  cubic 
feet  per  second,  the  load  was  0.42  per  cent.  At  low^  water  in  the  same 
vear,  when  the  discharge  was  510  cubic  feet  per  second,  a  load  of 
0.86  per  cent  was  noted.  The  fact  that  the  river's  load  is  greater  in 
proportion  during  low  water  is  explained  by  the  fact  that  the  turbid 
tributaries  of  the  river  are  less  diluted  with  the  clearer  water  from 
other  tributaries.  From  these  results  it  will  be  noted  that  a  decrease 
of  97  per  cent  in  volume  brought  about  an  increase  of  virtually  150 
per  cent  in  the  proportionate  load. 

On  the  other  hand,  in  1906,  when  most  of  the  hydraulic  mining  was 
suspended,  with  a  discharge  of  33,000  feet,  the  load  was  0.65  per  cent. 
If  the  increase  in  load  is  at  all  times  regular  for  large  volumes  (which 
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appears  a  warrantable  a.ssumption),  the  suspended  load  for  a  volume  of 
18,000  feet,  the  same  as  in  1879,  would  have  been  about  O.in  per  cent, 
or  about  one-third  of  what  it  was  at  th<'  time  when  hydraulic  mines 
were  workinir  at  eai)acity.  In  other  words,  the  volume  of  debris  carried 
down  by  natural  erosion  was,  wlien  the  mines  were  mostly  shut  down, 
about  one-third  as  much  as  when  th(\v  were  working'  fnll  blast.  As  con- 
ditions of  stream  bed  aiul  other  factors  were  in  1S79  more  favora))h'  to 
debris  suspension  than  in  1906,  and  as  the  amount  of  intensive  farminj; 
in  the  Sierra  foothills  has  vastly  increased  since  1906,  and  the  area  of 
deforestation  has  proportionately  increased,  there  is  reason  to  assume 
that  the  volume  of  material  annually  borne  into  our  rivers  by  natural 
erosion  is  nearly  as  large  as  the  amount  formerly  carried  into  the  rivers 
by  hydraulic  minincr  under  the  old  conditions. 

The  fact  that  at  low  water  the  percenta.ire  of  debris  transported  is  so 
much  less  than  it  miirht  be  calculated  to  be  is,  of  cour.se,  explained  by 
the  deposition  of  debris  by  the  feeble  currents  and  consequent  shoalinsr 
of  the  river. 

Returnintr  aszain  to  official  statements,  we  find  the  following  in  the 
report  of  the  Debris  Commissioner,  from  ]\Iay,  1901.  to  December.  1902: 

The  debris  flow  has  caused  the  destruction  of  thousands  of  acres  of  fertile  farm.s 
and  the  serious  impairment  of  navigrable  rivers.  Its  attempted  solution  by  injunctions 
by  the  courts  has  resulted  in  the  destruction  of  a  profitable  industry  of  the  state — 
that  of  hydraulic  mining.  Although  many  reports  have  been  made  on  the  subject, 
there  are  certain  features  that  have  not  been  given  due  weight  because  the  various 
investigators  were  not  in  touch  with  th<^  actual  conditions  leading  to  the  debris  flow. 
It  is  this  lack  of  knowledge  that  has  in  a  great  measure  retarded  its  solution  in 
the  past.  Careful  consideration  by  those  most  interested  will  show  that  there  is 
common  ground  to  stand  on.  and  it  is  hoped  that  it  will  lead  to  a  'community  of 
interests'  that  is  so  necessary  to  hasten  the  much-needed  work.      *      *      * 

The  California  Debris  Commission  in  1S94.  from  the  result  of  borings  made  by 
Col.  ^V.  H.  Heuer.  placed  the  amount  of  de])ris  from  Marysville  to  Daguerre  Point,  a 
distance  of  9J  miles,  at  3u.S,000.000  cubic  yards,  and  estimated  100.000,000  cubic 
yards  more  to  the  Smartsville  dumps,  or  a  total  of  4 OS. 000. 000  cubic  yards.  I  am  of 
the  opinion  *  *  *  600.000.000  cubic  yards  are  deposited  within  this  area.  Of 
this  amount  there  were  deposited  *  *  *  during  the  period  1ST9-1S99.  *  *  * 
a  total  of  100,5.50.000  cubic  yards.  This  represents  the  cleaning  of  the  canons, 
the  washing  of  the  hydraulic   and   other   mines,   and   from   natural   causes. 

During  the  past  eight  years.  I  have  endeavored  to  determine  what  the  relative 
erosion  was  on  Deer  creek.  *  *  *  In  the  years  gone  by  there  was  in  this 
watershed,  considerable  hydraulic  rrining.  which  is  now  practically  abandoned.  The 
dumps  have  been  so  cut  and  carried  away  as  not  to  affect  the  winter  flow.  Altogether 
it  can  fairly  be  considered  average  conditions  for  natural  erosion  on  the  watershed. 
On  January  ^  and  4,  1^9.5.  there  fell  T.os  inches  of  rain  in  23S  hours.  The  creek 
was  very  high  and  muddy.  The  percentage  of  the  silt  was  determined  and  a  rough 
gaging  of  the  flow  made.  After  making  liberal  deductions  for  safety  it  was 
found  that  the  creek  carried  86.000  cubic  yards  of  material  past  the  town  in  twenty- 
four  hours.  Two-thirds  of  this,  by  weight,  may  be  counted  as  sand,  being  the 
mean  of  a  number  of  observations  and  checked  by  comparison  of  the  composition 
of  soils.  At  that  time  the  Excelsior  "Water  and  Mining  Company  was  hydraulicking 
at  Smartsville.  impounding  the  debris  in  a  worked-out  pit.  It  is  one  of  the  largest 
concerns  operating  under  the  California  Debris  Commission.  Yet  that  storm  sent 
down  more  material  in  one  day  than  the  Excelsior  Company  mined  in  six  weeks — 
boulders,    cobble,    gravel,    .sand,    and    'slickens.' 

The  point  to  be  emphasized  is  that  with  a  system  of  building  restrain- 
ing dams  and  allowing  operation  until  they  are  filled,  up,  the  gravel 
miner  takes  upon  himself  the  burden  of  restraining  the  natural  erasion 
of  the  elements. 

By  a  study  of  the  maps  of  the  United  States  Geological  Survey,  it 
will  be  noted  that  the  principal  Cretaceous  and  Tertiary  gravels  of  the 
State  will  be  found  to  be  in  the  counties  of  Sierra.  Plumas.  Nevada. 
Placer,  and  El  Dorado.  Amador.  Calaveras.  Tuolumne,  and  ^lariposa 
contain  but  small  quantities  of  gravel,  compared  to  the  immense  bodies 
of  the  Slate  Creek  district  or  the  San  Juan  Ridge,  or  the  Quaker  Hillj 
Ked  Dog,  Gold  Run  and  Dutch  Flat  resrion. 
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Dui-iii^  till'  cMi'ly  clays  of  tlic  industry,  work  was  niainly  coiifiiKHl  to 
tlK^  li«2:ht('r  siirraci'  i»rav('ls,  and  it  is  i'l'om  Ihcsc  that  most  of  the 
iiiiiiin^^  dol)ris  lias  comic.  'I'he  gravel  tliat  it  is  desired  to  work  at  the 
j)i'cscnt  day,  is  as  a  wlioh^  inucli  lieavici-  in  cliaracter.  In  j:^ravel  of  this 
type,  where  dunii)ino'  is  not  done  directly  in  the  rivers,  but  upon  bars 
adjacent  to  them,  it  may  be  safely  estimated  that  from  75  to  80  per  cent 
of  the  entire  material  stays  on  the  ori<iinal  dump  or  within  a  few 
hundred  feet  therefrom.  The  finer  material  and  the  sand  ^-oes  down  the 
river  to  the  restraining  dams  with  the  exception  of  what  settles  between 
the  boulders  on  the  dumps.  For  this  reason,  it  may  be  made  as  a  fairly 
ireneral  statement,  covering  three-quarters  of  the  Cretaceous  and  Ter- 
tiary channels  in  the  Sierras  at  the  present  day,  that  not  more  than 
from  20  to  25  per  cent  of  the  washed  material  will  come  within  the  field 
of  the  restraining  dams. 

Another  point  can  here  be  made,  which  illustrates  again  the  principle 
of  community  of  interest.  Of  late  years  the  destruction  of  valuable 
farming  land  by  gold  dredging  operations,  has  been  the  subject  of  a 
cood  deal  of  unfavorable  comment.  The  dredging  industry  of  Cali- 
fornia is  dying  a  natural  death,  and  there  remains  little  available 
ground  of  economic  value  for  dredging  purposes.  However,  as  a  result 
of  operations  already  completed,  there  are  in  California  large  areas  of 
once  fertile  farming  and  orchard  ground  which  have  been  reduced  to  a 
series  of  unsightly  boulder  piles.  In  Australia,  the  necessity  of  reclaim- 
ing the  damaged  lands  was  long  recognized,  with  the  result  that  in 
farming  communities  the  gold  dredgers  were  forced  at  considerabh^ 
expense  to  reclaim  the  land  behind  them  by  pumping  sand  and  silt 
back  on  top  of  the  boulder  piles.  In  the  report  of  the  Secretary  of 
Mines,  Victoria,  Series  1907-1913,  detailed  descriptions  of  the  methods 
adopted,  accompanied  by  photographs,  are  given.  The  expense  involved 
in  reclaiming  was  borne  by  the  dredging  companies,  and  notwithstand- 
ing the  value  of  the  reclaimed  land,  profits  were  enormously  decreased. 
Naturally  the  American  companies  were  loath  to  follow  their  example, 
with  the  result  that  certain  sections  of  the  State,  notably  the  district 
around  Oroville,  remained  an  eyesore  to  the  beholder.  As  everybody 
who  has  been  in  the  dredging  fields  knows,  these  uneven  and  irregular 
gravel  heaps  can  be  leveled,  though  at  considerable  expense,  but  getting 
a  top  soil  upon  them  is  another  matter.  It  requires  the  use  of  suction 
pumps  to  bring  up  the  sand  and  silt  from  the  river  beds.  The  con- 
struction of  a  few  barriers  in  the  lower  rivers  to  restrain  such  fine 
material  as  may  be  carried  over  the  debris  dams,  would  bring  about  the 
reclamation  of  not  only  the  dredged  areas,  but  a  very  considerable  acre- 
age of  barren  ground  adjacent.  A  few  suction  dredges  stationed  in  such 
places  as  on  the  Yuba  River  near  Hammonton,  and  on  the  Feather 
River  below  Oroville,  and  behind  barriers  such  as  the  one  at  Daguerre 
Point,  could  handle  all  of  the  excess  material  that  comes  over  the  debris 
dams  and  is  deposited  where  the  rivers  lessen  their  grades. 

In  discussing  the  effects  of  natural  erosion  on  the  rivers  of  California, 
it  mav  be  noted  that  in  1897,  it  was  estimated  that  the  debris  in  the 
Sacramento  Drainage  System  totaled  1,529,000,000  yards.  The  total 
amount  of  debi'is  originally  deposited  in  the  rivers,  including  the  slick- 
ens  carried  off  and  deposited  in  the  Bay  Region,  was  in  the  neighbor- 
hood of  3,000,000,000  yards.    The  proportion  of  this  debris,  which  may 
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be  laid  i\t  the  door  of  tlic  miners  Tor  ojX'rations,  Ix't ween  1S(I()  and  1881, 
is  calculated  liberally  at  (;r)(),(l()().()()()  eubic  yards.  Tliis  is  only  21  per 
cent  ol"  the  amount  ol'  matci'ial  deposited  in  the  rivers  between  1S4!)  and 
1S!)7.  Tlu'  balance  ol'  this  debi'is  may  be  char«re(l  to  th<'  increased 
ar(»a  brought  undei"  cultivation  by  the  I'ai'mcrs  in  the  I'oothills;  and  the 
operations  of  the  lumber  companies  in  the  mountains,  which  resulted  in 
the  deforestation  of  lar^:!^  areas  in  the  sierras.  Amon^  other  causes, 
the  erosion  broujjht  about  by  cattle  and  sliecj)  and  by  ordinary  I'oad  and 
trail  trafih'c,  are  contributory,  it  is  estimated  that  the  seven  thousand 
miles  of  I'oad  in  this  ai'ca,  worn  down  two  feet  in  dei)th,  would  deposit 
twenty  million  cubic  yards  of  material. 

These  fiiiures  arc^  further  borne  out  by  comi)utat  ion  made  in  Italy  on 
the  Po  River.  There  is  no  hydraulic  minini^  in  the  draina<j:e  of  this 
river,  and  there  never  luis  been.  Its  draina.L^e  area  is  approximately  the 
same  as  that  of  the  Sacramento.  Through  natural  erosion  alone,  it  dis- 
charpres  5(),()00,()()0  cul)ic  yai'ds  of  material  annuallx'  into  the  ocean. 

To  carry  out  any  readjustments  of  the  pr()))lem  of  debris  control, 
certain  radical  changes  would  have  to  be  made.  It  is  su«:j?ested  that  in 
order  to  do  full  justice  to  all  of  the  interests  concerned,  the  work  should 
be  under  the  control,  not  only  of  the  Debris  (commission,  composed  of 
officers  of  the  United  States  Army,  but  also  of  a  debris  commission  of 
experienced  engineers,  i)(4Mnanently  appointed  by  the  State  of  Cali- 
fornia. This  is  in  accordanc(^  with  the  ])rovisions  of  the  Caminetti  Act. 
Further,  a  debris  connnission,  appointed  by  the  Reclamation  Service 
of  the  United  States  Geolofjical  Survey,  in  the  administration  of  the 
reclamation  features  involved  in  the  problem  of  del)ris  control,  should 
be,  if  not  in  actual  control  of  the  woi"k,  in  close  consultation  at  all  times 
W'ith  the  other  two  commissions. 

The  expense  of  the  buildino-  of  these  restraining  and  reclamation 
works  should  l)e  boriie,  not  only  })y  the  miners,  but  also  by  the  power 
companies,  who  would  benefit  from  the  opportunity  of  leasing  these  dams 
for  power  purposes,  and  by  the  farmers  who  occupy  the  reclaimed  lands, 
a  proceeding  which  is  entirely  regular  and  in  accord  with  that  of  all 
reclamation  projects.  Under  the  provisions  of  the  Caminctti  Act,  the 
miners  would  bear  their  share  by  a  tax  upon  their  gross  income.  It  is 
estimated  that  in  carrying  out  this  plan,  an  expenditure  of  thirty 
million  dollars  would  be  involved.  This  fund  should  be  appropriated 
by  the  state  and  national  governments  in  conjunction,  and  administered 
under  the  supervision  of  the  three  commissions  mentioned  above. 

The  chief  advantages  of  such  a  readjustment  would  be :  First,  a 
definite  understanding  between  the  government  and  the  hydra vdic  miner 
as  to  just  where  the  latter  stands;  second,  a  distribution  of  the  burden 
of  restraint  which  would  be  just  and  equitable;  third,  the  removal  of 
the  prohibitive  tax  placed  by  natural  erosion  upon  the  industry  of 
hj'draulic  mining  under  present  regulations;  fourth,  a  solution  of  the 
waste  dredge  lands  problem,  and  the  problem  of  the  reclamation  of  our 
eight  hundred  thousand  acres  of  unproductive  swamp  lands.  Having 
assumed  control  of  the  situation,  the  joint  commission,  somewhat  along 
the  lines  suggested,  could  take  charge  of  the  entire  matter  and  work  out 
the  details  of  a  plan,  which  would  be  at  once  satisfactory  to  the  miners 
and  highly  beneficial  to  the  agricultural  interests  of  the  State.  There  is 
plenty  of  common  ground  to  stand  on,  and  the  attitude  of  the  miners 
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jiiicl  the  iai'iiu'i's  slioukl  be  e(iually  liberal.  TIk;  resumption  ol*  hydraulic 
niiiiino^  on  its  former  scale  is  not  to  be  expected,  but  the  six  hundred 
million  dollars,  more  or  less,  that  is  at  present  locked  up  in  the  useless 
LH'ound  of  the  Sierra  Nevada,  may  well  be  expected  in  the  course  of  a 
liundred  years  to  be  added  to  the  riches  of  the  commonwealth  of  Cali- 
fornia in  increasing?  volume  as  time  goes  on  and  the  efficiency  of  a 
practical  working  plan  of  control  is  demonstrated. 

In  the  course  of  the  past  two  years,  an  investigation  made  by  the 
writer  has  resulted  in  the  selection  of  the  sites  of  six  main  dams,  which 
would  control  the  principal  watersheds  of  the  Sierras. 

On  the  north  fork  of  the  Yuba  River,  below  Rullard's  Bar,  a  dam  is 
now  being  constructed  by  private  interests,  which  will  eventually  be 
350  feet  in  height,  and  will  cost  upwards  of  six  million  dollars.  This 
dam  will  take  care  of  all  the  hydraulic  mining  debris  ever  likely  to  be 
sent  into  the  rivers  from  any  of  the  hydraulic  mines  above  this  point  on 
the  north  fork. 

On  the  middle  fork  of  the  Yuba  River,  below  the  junction  of  Deer 
Creek,  and  near  Camptonville,  a  much  larger  dam  with  a  capacity  of 
half  a  billion  cubic  j^ards  is  suggested  as  a  piece  of  work  which  should 
be  undertaken  by  the  United  States  Government  in  conjunction  with 
the  State  of  California.  This  dam  would  be  about  300  feet  in  height, 
and  would  cost  upwards  of  twelve  million  dollars. 

On  the  south  fork  of  the  Yuba  River,  below  the  junction  of  Shady 
Creek,  there  is  a  good  opportunity  for  a  storage  dam  about  200  feet  in 
height,  which  would  involve  an  expenditure  of  two  to  three  millions  of 
dollars.  The  above  dam  would  take  care  of  the  major  portion  of  the 
debris  brought  down  by  the  south  fork  of  the  Yuba  River. 

The  above  are  the  projected  dams  for  the  control  of  the  Yuba  River 
drainage.  The  estimates,  as  to  cost  and  storage  capacity,  are  necessarily 
very  rough,  as  time  is  not  available  for  a  careful  examination.  The 
total  storage  capacity  of  these  three  dams  sums  up  to  over  six  hundred 
million  yards.  The  Bullard's  Bar  dam  on  the  north  fork  is  already 
Under  construction  by  private  interests  at  an  estimated  cost  of  from  six 
to  eight  million  dollars.  The  total  cost  to  the  United  States  and  State 
governments  of  the  construction  of  the  dams  on  the  middle  and  south 
forks,  as  suggested,  would  be  about  fifteen  million  dollars. 

On  the  Bear  and  American  rivers,  tentative  selections  of  dam  sites 
have  been  made,  subject  to  change  upon  more  extended  investigation. 
On  the  north  fork  of  the  American  River,  a  dam  a  short  ways  above 
the  crossing  of  the  Forest  Hill-Colfax  Road,  about  300  feet  high,  would 
furnish  storage  for,  roughly,  two  hundred  million  yards  of  tailings  at 
a  cost  of  about  seven  million  dollars.  On  the  middle  fork  of  the 
American,  at  the  junction  of  Canyon  Creek,  a  two  hundred-foot  dam 
would  give  storage  for  over  two  hundred  million  yards  of  tailings.  This 
is  a  remarkably  good  storage  site,  due  to  the  storage  space  in  Otter 
Creek  and  the  flat  grade  of  the  middle  fork  for  four  or  five  miles  above 
this  site.  The  cost  of  this  dam,  at  the  height  mentioned,  would  be 
roughly  around  three  million  dollars. 

On  Bear  River,  near  Howell  Hill,  a  dam  150  feet  in  height  at  a  cost 
of  about  two  million  dollars,  would  give  a  total  storage  of  about  fifty 
million  cubic  yards  of  tailings.  The  beds  of  Greenhorn  Creek  and 
Bear  River  are  full  of  tailings  from  the  old  hvdraulic  mines,  which  have 


(lOl.U    I'LAC'KUS    OF    CALIFUKMA.  23 

boon  ostiniatod  lo  run  from  20  to  (iO  cents  per  cul)ic  yard.  Tlio  amount 
of  tailinu^s  lias  boon  ostiniatod  at  fifty  million  oubio  yards.  A  diversion 
tunnel  for  many  years  lias  been  planned  in  the  Secret  ('anyon,  whidi 
would  divert  tlie  excess  freshet  flow  into  the  north  fork  of  the  American. 
This  tunnel  would  be  approximately  two  miles  in  len<rth.  Whether  it 
would  be  a  feasible  or  practicable  plan  to  work  these  Hear  I^ivcr  taiU 
ini^s  oiV  into  the  American  Kivor  throu<j:li  a  tunnel  of  this  sort  for  the 
sake  of  saving?  the  values  in  them,  is  a  question  that  would  have  to  be 
determined  by  careful  invostiiration. 

In  the  leniith  of  time  allowed  for  this  investiiration,  it  has  been  impos- 
sible to  make  careful  estimates  of  the  costs  and  capacities  of  the  dams 
mentioned  above.  They  are,  however,  within  reasonable  limits,  a  fairly 
close  api^roximation.  Careful  survey  made  by  orovernment  on^nneers 
would  possibly  result  in  more  advantaj:(e()us  locations.  These  dam  sites, 
as  sugfrestod,  however,  control  practically  the  entire  dumping?  space 
of  some  three  billion  yards  of  workable  irravol  with  a  stora^re  capacity 
of  over  one  billion  yards.  As  the  amount  of  material  that  would  ir("t 
down  to  these  dams  is  about  one-fifth  of  the  amount  that  would  be 
worked  off,  they  would  ])robably  take  care  of  all  material  likely  to  jret 
down  to  them,  in  addition  to  the  natural  erosion  of  the  next  fifty  or  one 
hundred  years.  In  time,  of  course,  like  all  stora.ue  dams,  they  would 
become  filled  by  natural  erosion,  and  it  would  be  necessary  to  (Mther 
raise  them  or  to  build  others  higher  up. 

In  order  to  take  care  of  the  slimes  and  tine  material  that  would  be 
carried  over  these  dams  by  the  flood  waters  of  winter  and  sprinpf,  it 
would  be  necessar}^  to  place  barriers  down  in  the  valleys,  where  the 
rivers  lose  their  grade  and  deposit  such  fine  material  as  they  can  not 
carry  to  the  bay  and  to  the  ocean.  As  a  barrier  has  been  constructed 
at  Daguerre  Point  on  the  Yuba  River,  a  pump  dred.me  could  be  installed 
behind  this  to  remove  the  fine  material  as  fast  as  it  came  down  and 
deposit  it  over  the  swamp  and  unreclaimed  land  adjacent  thereto.  On 
the  Feather  River,  below  Oroville,  the  same  plan  could  be  used  and 
much  land  reclaimed,  includincr  a  laroe  portion  of  the  waste  dred^rc 
land.  The  streams  could  be  widened  by  dikin^i'  back,  and  the  o:reatest 
amount  of  suspended  matter  would  thereby  be  deposited.  The  slickens 
could  be  pumped  out,  run  through  sluices  for  the  recovering  of  such 
gold  as  might  be  obtainable,  and  used  to  cover  the  waste  lands  with  the 
finest  kind  of  fertile  soil. 

On  the  American  River,  below  Folsom,  a  similar  barrier  could  be 
erected,  and  waste  lands  adjacent  thereto  could  be  reclaimed  in  the 
same  waj'. 

The  above  plan,  while  partly  tentative  in  its  details,  in  its  general 
features  is  absolutely  sound.  It  will  inure  greatly  to  the  advantage  of 
the  farmers  of  the  State  by  virtue  of  the  reclamation  of  several  hun- 
dred thousand  acres  of  waste  land :  by  the  storage  of  water  during  the 
spring  months,  and  delivering  into  the  rivers  during  the  dry  season, 
when  needed ;  by  permitting  the  rivers  to  cut  down  to  their  old  grade, 
and  giving  transportation  and  navigation  to  ^larysville  and  Colusa,  as 
in  former  days.  It  will  also  give  the  farmers  a  greater  market  for  their 
product,  close  at  hand,  due  to  the  increased  pi'osperity  of  the  mining 
counties.  These  advantages  to  the  farmer,  far  exceed  those  given  to 
the  miners  by  this  plan.    Nevertheless,  the  rejuvenation  of  hydraulic 
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iiiiniiiij:  ill  tlio  mountain  counties  will  result  in  the  rcslorarum  ol"  vitior- 
ous  life  1()  the  entire  I'ej^ion  aireeted.  Towns  that  Jiave  been  almost 
evacuated  will  auain  he  busy,  the  buying  power  of  the  mountain  counties 
will  he  m-eatl\'  incriuised,  and  the  whoh;  State  will  reflect  their  pros- 
perity. 'I'housands  of  men  will  h(^  «^iven  employment,  and  thr^  quartz 
minin<i'  interests  will  reap  advantai»"es  from  the  re(lu(;tion  in  taxes  and 
the  probability  of  the  opening  of  new  mines  l)y  increased  prospecting 
durinij:  the   summer  months. 

The  State,  as  a  whole,  will  heiietit;  first,  from  the  clearin.u'  of  the 
Mare  Island  Navy  Yard  channel  and  the  bay ;  second,  from  the  clear- 
ing of  the  lower  reaches  of  the  KSacramento,  and  the  avoidance  of  the 
present  necessity  of  dredging  and  diking. 

The  greatest  advantage  of  all,  however,  will  be  gained  by  the  cities  of 
Sacramento  and  Marysville.  About  once  in  every  generation,  when  the 
American,  the  Yuba,  and  the  Feather  rivers  deposit  their  Imrden  of 
flood  waters  into  the  Sacramento  at  the  same  time,  a  flood  occurs,  which 
is  absolutely  beyond  control  of  any  engineering  Avorks  that  may  be  or 
are  likely  to  be  constructed.  This  flood  occurs  for  the  reason  that  the 
Carquinez  Straits  have  only  about  one-flfth  of  the  cross-sectional  area 
necessary  to  discharge  the  entire  amount  which  the  Sierra  rivers,  at 
flood,  Avill  pour  into  the  San  Joaquin  and  Sacramento.  By  the  use  of 
these  storage  dams  and  others  which  may  later  be  built  on  the  Calaveras, 
Mokelumne,  Stanislaus,  and  Tuolumne  rivers,  the  maximum  flood  can 
be  held  in  check  by  alternately  emptying  and  filling  these  storage 
reservoirs  in  such  a  way  as  to  distribute  the  intensity  of  the  flood  and  to 
hold  back  the  excess  volume  of  water  whenever  inundation  is  threat- 
ened. Often  the  checking  of  one  of  these  rivers  for  a  few  hours  is 
all  that  is  necessary  to  prevent  damage  running  into  thousands,  and 
even  millions  of  dollars.  With  the  increased  population  and  building 
area  of  the  cities  of  Sacramento  and  ^Marj^sville,  a  flood,  such  as  we  had 
in  the  winter  of  1889  and  1890,  would  be  a  tremendous  calamity. 

The  advantages  to  the  power  companies  from  the  construction  of 
these  dams  and  their  leasing  by  the  state  and  national  governments  at 
a  figure  sufficient  to  cover  a  long-time  amortization  of  the  costs  thereof, 
will  be  incalculable.  The  necessity  of  heavy  bonding  on  their  part 
Avould  be  avoided,  and  service  charges  to  consumers  Avould  be  greatly 
loAvered.  In  this  way,  the  people  as  a  whole  would  reap  the  benefit  of 
the  enterprise ;  furthermore,  the  power  companies  would  be  forever 
secured  against  the  possibility  of  socialistic  and  freak  legislation,  such 
as  has  been  attempted  before,  in  depriving  them  of  the  benefits  of  their 
vast  expenditures  of  time  and  money  in  the  development  of  the  water 
resources  of  the  State.  As  the  policy  of  the  power  companies  has  always 
been  to  distribute  their  stock  and  their  bonds  among  the  consumers 
of  power  and  the  small  investors  of  the  State,  this  will  ultimately  result 
in  a  permanent  benefit  to  the  public  at  large. 
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CHAPTER    ir. 
PLACER  MINING  METHODS. 

In  investigating  a  placer  deposit  with  a  view  to  subsequent  mining 
operation,  one  of  the  most  important  things  to  be  considered — aside 
from  the  values  in  the  property  and  the  facilities  of  operation — is 
the  adaptation  of  methods  of  mining.  Different  deposits  require 
different  methods  of  attack,  and  many  mines  which  might  have  been 
snccessful  have  failed,  due  to  the  use  of  methods  that  were  not  adapted 
to  the  property. 


Photo  No.  1.     Characteristic  Hydraulicking  Gravels  in  Peru. 


Photo  No.  2.     Close-up  of  Same  Gravels  in  Peru. 
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Each  iudividual  properly  riMjuircs  its  own  special  stiuly  of  conditions 
and  its  own  adaptation  of  methods.  This  should  be  done  by  a  trained 
and  experienced  eiiirineer;  l)ut  there  are  certain  {general  conditions 
that  call  for  certain  methods  of  mininLC,  and  it  is  proposed  in  a  jj^eneral 
way  and  in  language  that  the  ordinary  individual  interested  in  placer 
mining  or  the  j)rospeetive  investor,  may  urulerstand,  to  set  forth  a 
view  of  the  best  known  methods  in  enirent  i)ractice  that  have  come 
within  the  writer's  experience. 

This  chapter  does  not  cover  the  whole  field — the  limitations  of  space 
forl)id — but  it  is  hoped  that  a  careful  study  of  the  bi])liograpliy  attached 
will  serve  to  cover  these  points,  which  are  not  touched  upon  in  the  course 
of  the  chapter.  In  the  following  resume,  material  has  been  freely  used 
from  an  article,  entitled  "The  Mining  of  Alluvial  Deposits,"  written 
by  Newton  B.  Knox  and  Charles  S.  Haley  for  the  ''.Alining  Magazine" 
of  London  in  1915. 

The  most  important  methods  of  alluvial  mining  are  dredging, 
hydraulicking,  drifting,  mechanical  handling,  ground  sluicing,  dry 
washing,  and  beach  sand  work.  The  last  is  possibly  an  adaptation  of 
several  of  the  former  methods.  Taking  up  these  methods  in  the  order 
of  their  importance  in  modern  placer  mining,  we  will  begin  with 
dredging. 

DREDGING. 

The  type  of  deposit  that  is  most  suitable  for  dredging  is  generally  one 
in  a  river  that  has  worn  down  its  gradient  to  a  basal  plane,  as  in  the 
case  of  the  Yuba  River,  above  Marysville,  California.  Another  type 
is  that  of  a  mountain  stream  at  the  point  where  it  debouches  into  a 
main  valley  and  there  deposits  its  burden,  as  at  Oroville,  on  the  Feather 
River,  and  at  Folsom  on  the  American.  A  third  type  is  that  of  a 
meandering  river  bordered  by  the  broad  flats  of  its  peneplain,  as  on 
the  Pato  River,  in  Colombia. 

An  ideal  dredging  ground  should  possess  the  following  characteristics : 
Gravel  which  is  loose  and  uniformly  small,  yet  sufficiently  impervious 
always  to  retain  sufficient  water  to  float  the  dredge;  a  depth  which 
varies  from  40  to  100  feet;  a  bedrock  that  is  soft  and  decomposed; 
an  absence  of  barren  top  soil,  beds  of  sticky  clay,  cemented  gravel,  or 
barren  sand ;  no  living  or  buried  timber ;  and  a  fairly  uniform  distribu- 
tion of  value  throughout  the  gravel.  The  river  should  not  be 
subject  to  sudden  or  extensive  floods.  In  addition  to  these  factors, 
availability  of  power,  either  water  or  steam,  and  accessibility  to  trans- 
port, with  its  consequent  low  freight  rates,  should  exist.  Preferably, 
the  deposit  should  be  situated  in  the  temperate  zone. 

The  gravel  should  be  small,  wdiich  means  for  an  ideal  dredging 
proposition,  the  largest  stones  are  smaller  than  a  man's  head.  Much 
dredging,  however,  is  done  in  ground  in  which  the  boulders  vary  in 
size  from  a  foot  in  diameter,  weighing  perhaps  200  to  300  pounds,  to 
boailders  weighing  two  tons  and  over. 

]Most  of  the  records  of  yardage  have  been  made  in  California  on  small 
gravel,  but  on  the  Trinity  River,  operation  is  now  going  on  in  ground 
that  contains  boulders  weighing  up  to  five  tons.  As  a  general  rule,  unless 
such  a  deposit  is  unusually  rich,  it  is  very  unwise  to  attempt  to  use  a 
bucket  dredge;  under  these  conditions  repairs  to  the  bucket  line  are 
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ri'(MHi('iil  ;iii(l  cosllv,  ;iii(l  I  lie  rccnvcrv  ol"  Ljold  iiiidcr  I  lie  hii-'^cr  hoiildci'S 
wliicli  lie  oil  llic  I)(m1  rock  is  wvy  siikiII. 

An  excess  of  ('(Mncnted  ni'iivel  or  si  iff  chiy  as  a  I'lilc  results  in  reduced 
yard}ii»-e  and  expensive  repairs.  Slieky  clay  means  reduced  eapacity, 
tine  to  difliculty  in  discliar«>in,Li'  llie  buckets.  It  is  also  a  source  of 
e()nsideral)le  annoyaiice  in  the  sluices,  from  wliicli  it  is  apt  to  remove 
the  amalgam.  Some  troubles  due  to  clay  can  ])e  overcome  by  the  use 
of  log-washers  on  the  dredj^e ;  l)ut  extensive  beds  of  sticky  clay,  even 
^vhen  of  a  hiii-h  i>()ld  content,  as  those  on  the  coast  of  Brazil,  are 
undredgable. 

The  gravel  should  be  sufficientl\-  water-tight  to  hold  the  level  of  the 
dredge-pond,  because  a  sudden  emptying  of  the  pond  would  probably 
overturn  the  dredge  and  would  wreck  not  only  the  hull  but  the  entire 
mechanical  plant.  Also  it  is  sometimes  necessary  to  maintain  the  water 
in  the  pond  at  a  different  level  from  that  of  the  surrounding  country. 
Ordinarily  fi'om  50  to  75  inches  of  fresh  water  is  required  continually 
to  keep  the  level  of  the  pond  constant  and  to  supply  wash  water  for 
the  digging  operations  of  dredges  with  capacities  running  from  a 
7-foot  bucket  to  a  16-foot  bucket. 

Deep  gravel  from  70  to  100  feet  is  ordinarily  worked  by  dredges 
ranging  from  15  feet  in  size  to  18  feet.  This  does  not  mean,  however, 
that  the  size  of  the  dredge  is  dependent  altogether  upon  the  depth  of 
the  gravel.  Gravel  of  a  depth  of  10  to  20  feet  would  call  for  either  a 
very  small  dredge  or  for  the  adoption  of  another  method  of  working, 
such  as  the  steam  shovel  or  the  drag-scraper.  The  digging  depth  of 
gravel,  which  means  the  depth  from  the  surface  of  the  pond  to  bedrock, 
is  ordinarily  considerably  less  than  the  total  depth  of  the  gravel.  This 
is  for  the  reason  that  practically  all  dredges  carry^  a  bank  considerably 
above  the  level  of  the  pond.  For  instance,  in  a  deposit  of  extreme  depth 
a  large  dredge  might  carry  a  30-foot  bank  and  dig  to  a  depth  of  seventy 
feet  below  the  water  level.  This  would,  of  course,  call  for  ideal  condi- 
tions in  the  bank. 

The  ideal  bedrock  in  dredging  is  one  which  is  soft  and  without  ridges 
or  crevices.  In  a  granite  country  the  bedrock  under  the  gravel  is 
usualh^  decomposed  to  the  required  softness.  The  same  thing  is  true 
of  some  sandstones  and  porphyries.  A  limestone  or  slate  country  is 
nearly  alwa^^s  characterized  by  a  hard,  block}^  or  knobby  bedrock,  often 
with  deep  crevices.  These  latter  types  are  unsuited  for  dredging,  as 
the  wear  on  the  bucket  lips  is  excessive,  and  the  gold  lodges  in  crevices 
beyond  their  reach.  A  false  bedrock,  such  as  the  one  of  volcanic  ash 
at  Oroville,  is  ideal.  The  presence  of  boulders  of  the  country  rock  of 
the  district  is  usuallj^  an  indication  of  hard  bedrock. 

In  judging  the  hardness  of  bedrock,  the  evidence  derived  from 
shafts  or  drill  holes  should  be  accepted  in  preference  to  that  presented 
by  exposure  in  running  streams  or  watercourses.  In  many  cases  the 
bedrock  exposed  in  the  river  will  be  found  to  be  hard,  whereas  the  drill 
may  prove  that  the  bedrock  underlying  the  gravel  adjacent  to  the 
stream  is  soft  and  decomposed  to  a  considerable  depth.  This  is  due  to 
the  fact  that  the  denudation  caused  by  the  river  is  greater  than  the 
weathering,  and  all  weathering  products  are  swept  away  as  soon  as  they 
are  formed.  Under  the  gravel,  however,  all  the  decomposed  minerals 
may  be  intact  and  form  a  soft  bedrock  suitable  for  dredging. 
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J  )ro(I.Lliii^"  ill  lr(»|>ic;il  count  tics  is  ((I'lcii  i^rcjilly  li<-iiii|H'r('(l  l»y  llic 
prosenco  <»l'  hiiricil  i  ijiilx'fs,  as  in  l^'rcndi  (Juian.i.  a!i<l  sioncliiiics  in 
Victoria.  This  is  always  a  s(nnT('  ol'  (Mnisidi'i-altlr  annoyance,  and  in 
fact,  it*  Ihcy  arc  in  i^rcat  (juantily  and  well  ])rcscrvc(l,  tlicii-  jncscnctc 
will  prohibit  successful  drcdtziiiir.  Di'cducs  which  ar(i  huill  Tor  tropical 
work  should  ah\ays  he  e(Hii|)|)cd  with  dcri'icUs  ajid  stuiii|)-pullei-s.  In 
Califoi'nia.  gravel  is  ^'ciierallx'  free  of  l)uried  tiinl)er,  h\it  standiiifj: 
timber  is  (piite  coninioii,  and  unless  the  izravci  is  sut'ticienlly  dcei)  to 
distribute  the  cost  of  clearing  and  sTunipin*^"  it  over  a  lar»?e  yardage, 
this  feature  also  adds  materially  to  operatiu<i;-  costs.  A  sliallow  deposit, 
with  a  forest  of  larizc  and  deep-rooted  trees  upon  it,  ^\ill  ))e  prohibitive 
in  dredging-  cost,  uidess  it  contains  an  excei)tionally  liigh  content  of 
values. 

On  the  other  hand,  the  dense  junule  growth  of  tropical  rivers  is  often 
misleading-,  because,  while  the  growth  may  be  impenetral)ly  thick,  these 


Photo  No.  3.     Natives  Washing  with  Rocker  in  Peru. 

jungles  can  be  quickly  and  cheaply  cleared,  the  roots  of  the  larger  trees 
being  very  close  to  the  surface.  In  Colombia,  where  native  wages  vary 
from  fifty  cents  to  one  dollar,  an  acre  of  thickly  covered  ground  can  be 
cleared  and  stumped  for  $25  to  $-iO. 

The  gold  should  be  what  is  known  as  three-dimension  gold,  and  be 
readily  amalgamated.  It  should  not  be  too  finely  divided,  and  it  should 
be  distributed  with  some  uniformity  throughout  the  gravel.  If  the  gold 
is  coarse  and  confined  to  bedrock,  it  is  usually  a  condition  of  spotty 
ground,  and  unless  the  bedrock  is  soft,  recovery  is  very  difficult.  It 
is  very  unusual  for  top  soil  to  carry  gold  in  profitable  quantity.  Exten- 
sive layers  of  sand  ai'e  nearly  ahva^^s  barren,  and  a  deposit  in  which 
much  sand  occurs  is  apt  to  be  very  erratic  in  the  distribution  of  its  gold 
content. 

Deposits  situated  in  extreme  latitudes  often  contain  permanently 
frozen  gravel,  Avhich  can  be  dredged  only  by  previous  thawing.  This 
thawing  is  usualh^  done  by  means  of  steam-points  driven  down  into  the 
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ijravol  and  sii|)j)li(Ml  IVom  central  l)()il('r  i)I}nits  tliroii^li  insiilaliMl  steam 
lines;  or  else  by  what  is  known  as  eold  water  thawing',  whieh  is  often 
done  by  the  diversion  of  lar^e  bodies  of  water  over  th(;  area  to  be  dredged 
and  also  by  its  forein^j^  into  the  <»ronn(l  in  points  under  liydraiilie  j)res- 
snre.  In  Ahiska  frozen  i^ronnd  has  l)een  dredged  at  a  cost  rani^infj^  from 
50  to  75  cents  per  cubic  yard.  Asi(h'  fi-om  tiie  question  of  actccssibility, 
dredging  in  extreme  latitudes  is  j^reatly  hampered  by  the  short  seasons, 
necessitating  either  the  eniia^inu'  of  a  new  staff  each  year  or  their 
maintenance  durino-  tlie  idh'  season.     Cold  climates  also  necessitate  the 


Photo     No.     4.     Nechi     River     at     Pato.     Characteristic 
Dredging  Gravels  in  Colombia, 

installation  of  heating  apparatus  and  the  housing  of  the  exposed  part  of 
the  stacker  and  bucket  line. 

Dredging  in  the  tropics  is  likew^ise  more  expensive,  owing  to  climatic 
conditions,  with  their  accompaniment  of  malaria  and  other  fevers,  as 
most  of  the  dredging  is  done  on  the  lower  river  bottoms,  where  fevers 
are  prevalent.  The  usual  inefficiency  of  native  labor  also  adds  greatly 
to  the  cost. 

The  attempt  to  dredge  in  torrential  rivers,  characterized  by  sudden 
and  extensive  floods,  is  always  a  hazardous  undertaking.  Many  dredges 
have  been  swept  away  and  wrecked  by  a  sudden  rise  of  the  water.  The 
question  of  floods  is  one  that  should  be  most  carefully  investigated,  and 
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(lata  r(\uarilini;  il  should  he  collected  oscr  a  |>cii(Kl  c()vcriii<^  ji  iiiiinl»ci- 
of  years.  As  a  geueral  rule,  it  may  be  stated  that  rivers  tlowiiij,?  throuLdi 
narrow  canyons  are  always  ])eril()iis.  Even  rivers  with  adja'-eiit  Hals, 
when  in  countries  where  cloudbursts  are  fre(iuent,  are  liable  to  f1(H)ds. 
Under  these  circumstances  the  ground  is  often  worked  by  di<'d«<in<,' 
inland  and  keepinir  a  bari-ier  of  unworked  ground  to  serve  as  pro- 
tection. 

The  importance  of  freight  rates  weighs  more  heavily  with  this  class 
of  alluvial  installation  than  any  other.  For  instance,  a  7-foot,  close- 
conneeted  dredge  of  the  California  type,  complete  with  s{)ares,  steel 
])ontoon,  motors,  generators,  and  repair-shop  fittings,  weighs  about  one 
liundred  tons.  Some  of  the  single  parts  weigh  twelve  tons;  in  largei- 
dredges  they  weigh  up  to  twenty  tons.  This  being  so,  the  necessity  of 
reasonably  easy  access  to  the  property  is  apparent.  Deposits  reached 
by  trail  are  quite  prohibitive;  and  the  dredge  sectionalized  for  mul(>- 


Photo  No.  5.     Portage  Creek,   on  the  Little  Delta,  Alaska. 

back  transport  has  yet  to  be  proved  a  success.  Not  onh'  do  excessive 
freight  rates  affect  the  first  cost  of  a  dredge,  but  they  can  be  felt 
during  its  whole  operating  life.  The  erection  of  one  of  the  larger 
dredges  should  not  be  attempted  very  far  from  good  transportation 
facilities. 

The  cost  of  transporting  bulky  pieces  of  machinery  is  suggested  by 
the  following  case:  From  Colon  to  Puerto  Colombia  the  United  Fruit 
Company  used  to  charge  a  flat  rate  of  $5  per  ton  for  freight.  All 
pieces  weighing  over  four  tons  used  to  pay  an  excess  rate  of  150  per 
cent ;  over  eight  tons  an  excess  rate  of  200  per  cent.  A  similar  excess 
tariff  was  charged  on  the  Barranquilla  railroad  and  the  river  steamers 
up  the  Magdelena. 

The  amount  of  labor  required  on  a  moderate-sized  electrically-driven 
dredge  of  the  California  type  may  be  enumerated  as  follows :  One 
dredge  master,  three  winchmen,  six  oilers,  two  mechanics,  and  several 
roustabouts.    In  tropical  countries  the  roustabouts  may  be  natives,  but 
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wIhm'c  sl\ill('(l  l;il)()i-  is  hickiiiii',  tlic  i-ciiijuikIci-  of  llur  ci'cw,  willi  llic 
l)Ossil)lc  cxccpl  ion  of  the  oilci-s,  iiiusl  \h>  iiuporlcd.  In  ;j<l(liti()n,  a  staff 
for  tlic  electric  or  steam  ])()\ver  |)hiiit  mid  the  sli()i)s  iimst  ])e  considered. 
However,  for  the  amount  of  matei'ial  handled  by  a  large  dr(;d<j;e,  its 
labor  cost  per  yard  is  low. 

Dred'-es  are  of  different  types.  Perhaps  tlie  oldest  form  of  successful 
operatin*j:  dredu^e  is  what  is  known  as  the  New  Zealand  dred<i:e.  It  luis 
IxH'n  i>reatly  used  both  in  its  home  re<^ion  and  in  Australia,  where  con- 
ditions are  especially  favorable  for  its  use.    Due  to  its  lif^htness  of  con- 


Photo  No.   6.     Panning  on  Portage   Creek. 

struction,  it  has  been  extensively  used  in  tropical  countries,  as  well  as 
in  Russia  and  Siberia.  Compared  with  what  is  known  as  the  California 
type,  the  New  Zealand  type  is  a  light  power  dredge,  usually  with  a  steel 
pontoon.  Its  first  cost  is  lower  than  the  California  type,  and  its 
capacity  is  smaller.  This  type  of  dredge  is  especially  adapted  for  a 
small  operating  company  whose  acreage  or  capacity  is  limited,  and 
whose  gravel  is  moderately  light,  uncemented,  and  easily  dug.  Its  chief 
application  lies  in  those  districts  where  lack  of  transportation  is  a 
salient  factor  and  where  heavy  pieces  of  machinery  can  be  handled 
only  at  a  prohibitive  cost.  Not  only  is  a  considerable  saving  effected  in 
the  first  cost,  but  also  in  freight  charges,  cost  of  erection,  and  simplicity 
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(>r  rcpjiii'  sli(i|>s.    'I'liis  s;i\iim  will  olVscI   Tor  soiix'  vcirs  .iiiy  liij^Hicr  woik 
iii^  cost  due  1()  1  lie  li,iii(lliiiLi'  <>1  «"i  smaller  \  ardauc  1  iia2i  iiiiulil  jjossihly  Ix; 
(IiiLT  by  the  Calirornin   \\\h\ 

The  California  drcduc  was  evohcd  IVoiii  the  New  /calaiid  in  oi-dcr 
to  nieot  local  conditions,  as  Ihc  lattci"  type  proved  nnccpial  to  the  task 
of  handlinii'  the  lioavy  ••round  (Miconntei-cd  in  California.  As  a  result, 
modifieations  of  tlu'  t\  |>e  were  made,  and  each  newly  huilt.  di'ed<i"e  was 
altered,  and  the  method  of  operation  elianued  until  a  new  type  of 
dredge  and  method  of  work  were  evolved.  This  typo  of  dred«z;e  has 
been  enlarged  and  strengthened  ;md  its  power  tremendously  increased. 


Photo  No.  7.     Dredge  on  Hunker  Creek,  Klondike  Region. 

The  earlier  California  dredges  were  equipped  with  pan  or  tray  stack- 
ers, as  are  those  of  the  New  Zealand  type.  These  have  been  changed 
to  stackers  of  the  belt-conveyor  type  or  straight  flumes.  In  the  latter 
case,  yardage  is  not  so  much  an  object  as  the  recovery  of  the  heavy 
gold  lying  mostly  on  bedrock.  Most  California  dredges  are  equipped 
with  close-connected  bucket  lines,  and  these  have  been  found  to  dig 
up  greater  yardage.  The  New  Zealand  dredge  digs  by  means  of  a 
head-line  alone,  but  this  practice  has  been  found  unsatisfactory  in 
California  dredging,  and  all  of  these  now  employ  spuds  in  digging. 
In  California  most  of  the  hulls  w^ere  built  of  wood,  but  in  tropical 
countries  it  has  been  found  that  steel  hulls  are  more  satisfactory. 
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Tlu*  ;iiii()iiiil  (tf  ht;i\('I  Ii;iii(II(mI  pci'  iiioiitli  ;iih1  llic  ojX'rril  iilj^  cost  per 
cubic  ynvd  vary  witliiii  Avidc  limits  and  dcpciul  on  llic  drcdf^c  itself', 
the  cliaractcr  oi*  the  i^roinid,  the  size;  of  tlic  j^i-avcl,  ;nid  the  dcptli  oi- 
hoii^ht  of  the  bank. 

The  California  dredj2:cs  vary  in  size  from  3J  cubic  feet  to  18  cul)ic 
feet  bucket  capacity,  and  are  di,ii<i'in,<^  in  .i^^round  varyini;  in  depth  fi-om 
15   to   90  feet.      The   field   of   tlie   modern    ('alifoi'nia    dred^^e   lies    in 


Photo  No.  8.     Thawing  Frozen  Ground  on  Hunker  Creek, 
Yukon  Territory. 

the  heavy  cemented  gravels,  which  require  ponderous  and  :nassive 
machinery  to  dig;  or  in  those  large  areas  of  deep  low-grade  gravels 
lying  accessible  to  cheap  transportation  facilities.  Conditions  such  as 
these  exist  at  Marysville  and  Folsom,  California.  In  Alaska,  small 
heavily-built  dredges  of  from  one  to  three  cubic  feet  bucket  capacity, 
built  on  California  lines,  are  still  working. 
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AiiotluT  typo  of  drediic  wliich  is  adapted  to  certain  types  of  LTi'Oinid, 
is  wliat  is  known  as  the  Australian  pumi)  dred«^e.  This  dred^'e  was 
(h'vised  to  nie(»t  certain  conditions  existing:  in  New  Zealand  am! 
Australia;  conditions  that  pi'ohihitecl  the  eiM|)l()yinent  of  either  bucket 
(lredii:inir  or  oi'dinary  hydraulickiniz.  The  most  inij)ortant  factor  i^ov- 
erninff  the  choice  of  this  method  is  tlie  character  of  the  bedrock. 

Where  tlie  i^old  is  concentrated  or  near  a  bedrock  that  is  ron^di,  hard, 
and  uneven,  or  where  it  is  deep  within  the  crevices  of  a  shatteri^l  or 
broken  bedrock,  it  is  necessary  to  expose  and  clean  the  rock  carefully. 
This,  of  course,  prohibits  bucket  dred^ij^inir.  If  the  deposit  be  too  low  i"oi- 
hydranlickiui]:,  other  means  nuist  be  ado]ited.  Tt  is  to  meet  these  condi- 
tions that  this  so-called  pump  dredge  has  been  devised. 

It  consists  of  a  set  of  centrifuiial  pumps,  mounted  on  pontoons  that 
arc  floated  only  when  being  changed  from  one  working  face  to  another. 
Ry  its  use  bedrock  is  exposed  for  cleaning.  The  pump  dredge  consists 
of  two  centrifugal  pumps,  one  known  as  the  pressure  pumj)  and  the  other 
the  gravel  pump,  mounted,  togethei-  with  motive  power,  upon  a  wooden 
hull  or  pontoon.  While  working,  the  i)ontonn  rests  on  sills  laid  upon 
bedrock.  The  mining  is  done  by  directing  a  small  liydraulic  nozzle 
against  the  bank.  The  artificial  pressure  employed  is  usually  sixty  to 
seventy  pounds  per  square  inch,  produced  by  a  centrifugal  pump  of  12 
to  14-inch  discliarge.  From  a  bank  the  gravel  is  sluiced  through  runs, 
cut  in  bedrock  to  the  sump,  which  should  never  be  deeper  than  20  feet, 
which  is  the  limit  of  the  suction.  When  the  bedrock  is  wavy  and  dips 
away  from  the  sump,  considerable  expense  is  involved  in  cutting  down 
the  runs  to  grade;  in  fact,  when  the  bedrock  dips  too  steeply  away  from 
the  sump,  it  sometimes  will  not  pay  to  move  portions  of  the  overlying 
gravel,  which  are  then  left  behind.  As  the  gravel  is  piped,  all  large 
boulders  are  removed  and  left  behind  on  bedrock. 

The  gravel  from  the  sump  is  raised  by  the  gravel  pump  to  the  line  of 
sluices,  a  height  which  depends  upon  the  depth  of  the  deposit  and  the 
fall  of  the  sluice-boxes.  A  height  of  over  60  feet  requires  the  installa- 
tion of  a  second  lift  pump.  The  gravel  pump  is  usually  placed  side 
by  side  with  the  pressure  pump  on  the  barge;  but  in  shallow  ground  this 
pump  can  be  worked  from  the  bank  and  it  is  then  placed  on  the  bed- 
rock. The  gravel  pump  is  from  8  to  12-inch  discharge.  A  direct-acting 
or  small  centrifugal  pump  is  installed  at  the  head  of  the  sluices  to  fur- 
nish them  with  wa.sh  water.  From  the  ends  of  the  boxes,  the  tailing 
flows  back  into  the  worked-out  portion,  and  is  there  retained  by  brush- 
wood dams. 

The  total  power  required  depends  on  the  size  and  capacity  of  the 
plant  and  the  height  of  the  lift.  Tt  varies  from  120  to  260  horsepower. 
The  capacity  varies  proportionately  and  ranges  from  8'00  to  2000  yards 
per  day.  The  time  lost  in  shifting  the  plant,  floodiiig  the  workings, 
building  the  dams,  and  in  all  repairs  is  a  serious  item.  In  some  cases  ic 
amounts  to  ten  weeks  in  a  season 's  run  of  six  months.  During  moving, 
more  men  are  required  than  in  ordinary  running.  In  the  cases  quoted, 
the  crews  ranged  from  eleven  to  fifty  men  per  dredge.  The  first  cost  of 
these  dredges  is  nuich  less  than  that  of  a  small  bucket  dredge,  which 
fact  renders  it  more  feasible  for  woi-king  small  areas  of  groinul. 

This  method  is  used  effectively  where  the  gravel  is  deep  and  no  dump 
is  available;  or  if  the  deposit  be  of  average  thickness — say  25  feet — 
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Willi  its  valuable  wash  lying  between  a  hard  uneven  bottom  and  a  tough 
ovcM-bui'den  full  ol'  boulders,  this  type  of  dredge  is  applicable.  It  must 
be  borue  ill  mind  that  a  limiting  faetor  is  the  amount  of  water  in  th(; 
ground,  if  there  be  too  much  water,  the  ])ower  rccjuircd  to  drain  the 
ground  is  excessive;  if  too  little,  the  time  i-fMniircd  to  fill  the  pit  becomes 
too  great.  AVhere  much  buried  timber  is  eiicoiiiitered,  this  method  also 
applies.  When  traiisj)()rt  is  a  serious  i)n)blem,  the  lightness  of  the  pump 
dredge  and  its  simplicity  ot*  installation,  compared  with  that  of  the 
bucket  dredge,  may  render  it  suital)le,  in  spite  of  the  fact  that  all  otiier 
factors  for  successful  Imcket  dredging  may  be  present. 

While  this  method  of  mining  has  its  own  application,  it  is  nevertheless 
contrary  to  all  economic  principles  of  engineering.  Its  efficiency  is  only 
30  to  45  per  cent,  and  the  amount  of  water  lifted  per  cubic  yard  of  solid 


Photo  No.  9.     Typical  Alaskan  Gravels  near  Circle  City. 

is  enormous,  as  95  per  cent  of  all  material  lifted  is  water.  This  moving 
of  useless  material  affects  the  cost,  Avhich  is  apparent  in  the  figures  for 
the  Avork  done  during  1907  in  Victoria.  Over  ten  million  cubic  yards 
was  treated  by  bucket  dredges,  and  nearly  the  same  amount  by  pump 
dredges.  The  cost  per  cubic  yard  in  the  former  case  was  under  6  cents 
whereas  in  the  latter  it  was  over  20  cents.  As,  however,  the  pump 
dredge  treated  all  the  tough,  irregular,  and  deeper  ground,  which  the 
bucket  dredge  could  not  handle,  this  comparison  of  costs  is  unfair  to 
the  pump  dredge.  Conditions  being  equal,  hoAvever,  the  cost  of  pump 
dredging  would  be  from  two  to  two  and  one-half  times  greater  than 
bucket  dredging. 

So  much  has  been  written,  and  ably  written,  on  bucket  dredging  in 
Talifornia  tliat  it  is  useles.s  in  a  chapter  of  this  scope  to  go  into  further 
detail  upon  the  subject.  The  reader  is  referred  to  the  bibliography  at 
the  end  of  this  chapter,  notably  the  articles  by  Robert  Cranston  in  the 
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'jMininj^:  and  Scioiitilii*  Press'  nud  llic  '  Kiii^'inocriiij^^  and  Mining'  .lour- 
ual';  also  by  flolni  Power  Hutcliins  and  various  ('(jually  iiota))l('  aiilliori- 
1i(\s:  as  well  as  Uidlctiii  No.  T)?  of  the  |)ul)rK'atioiis  of  1li(»  ( 'alii'oi'iiia 
State  Miniiiii'  l^nreau.  and  tlic  volume  of*  D'Ai-cy  Weatlierl)e  upon  -jnld 
dredpfinii'  in  Califoi-nia  :  and  the  hulletin  of  the  Cnitcd  States  IIuimjiu 
of  Mines  i"eeen1l\    completed  l)y   .Mi'.  ( 'liai'lcs  .lanin. 

HYDRAULIC    MINING. 

The  term  'liydi-aulic  miniuii'  is  liere  delined  as  that  elass  of  niinin*; 
employin":  the  use  of  water  under  natural  j)ressui'e  in  iriants  or  mointo?-s 
for  the  puposo  of  erodinii"  a  j.iravel  ])ank,  wasliinii'  it  throu«:h  sluices,  and 
disposinfr  of  the  tailiiiii"  by  c:ravity.  Next  to  the  ({uestion  of  «rohl 
content,  the  (h'tennininijj  factors  in  tlu»  employment  of  this  type  of 
niinini:'  are  the  ])resenee  of  an  abundance  of  eheaj)  water  that  can  be 
brouiiht  to  the  nnne  under  i)ressure  and  the  existence  of  sufficient  irrade 
for  the  disposal  of  the  tailings.  This  latter  feature,  known  amoni? 
miners  as  the  'dump'  of  a  property,  is  exceediniily  important. 

The  size  of  tlie  izravel  is  not  so  important  in  hydraulic  nuninu  as  in 
dredginof.  ^ruch  lariier  l)()ulders  can  be  handled,  i)rovided  tlK^e  is 
room  for  their  disposal.  Fairly  tio^ht  layers  of  clay  and  cemented 
irravel  can  be  first  shattered  and  then  disinteurated  by  the  uiant. 
Gravels  of  600  feet  or  even  greater  depth  have  been  worked.  In  fact, 
with  the  nse  of  a  benching  system,  there  is  practically  no  limit  to  the 
depth  of  the  bank  that  can  be  exploited.  Of  course,  other  things  being 
equal,  the  smaller  and  looser  the  gravel,  the  higher  will  be  the  duty  of 
the  water. 

The  influence  of  bedrock  is  not  so  important  in  hydraulic  mining  as 
it  is  in  dredging,  yet  an  ideal  bedrock  is  one  that  is  even,  does  not 
disintegrate  readily,  and  is  soft  enough  not  to  cause  too  much  expense  in 
cutting  sluice-ways,  and  is  still  hard  enough  for  easy  cleaning.  It  is  a 
great  help  if  the  natural  grade  of  the  channel  assists  in  setting  sluice- 
ways. A  deeply  shattered  bedrock  is  difficult  and  expensive  to  clean,  as 
the  gold  finds  its  way  deep  down  into  the  crevices. 

In  this  connection,  a  type  of  granite  bedrock  encountered  by  the 
writer  in  tropical  countries  and  other  places  where  the  rainfall  is  heavy, 
may  be  mentioned.  It  weathers  underneath  the  gravel  to  depths  of  .10 
feet  and  over  and  forms  a  soft  hummocky  under-burden  to  the  deposit, 
all  of  which,  though  absolutely  barren,  must  be  cut  and  washed  away 
in  water  to  secure  a  recovery  of  the  bedrock  gold,  lying  for  the  most 
part  on  top  of  it  and  at  the  bottom  of  the  gravel. 

The  existence  of  an  ample  and  cheap  water  supply  is  imperative  for 
this  class  of  mining.  On  the  question  of  water  depends  in  great 
measure,  that  of  the  duty  and  subsequent  operating  cost.  The  character 
of  the  ground  through  which  the  ditch  is  to  be  run  should  be  carefully 
considered  as  to  seepages,  slides,  footings  for  flume  posts,  cross  ravines, 
general  liability  to  washouts,  and  its  ability  to  withstand  erosion. 

Effective  heads  range  generally  from  200  to  600  feet.  Below  the 
former  figure  the  duty  is  apt  to  be  low.  Above  the  latter  the  require- 
ments of  extra  heavy  pipe,  anchorage,  and  bracing,  become  exacting. 
Within  limits  the  amount  of  water  required  varies  inversely  with  the 
head  obtainable.  With  a  200-foot  head  a  flow  of  2000  inches  would 
suffice  to  operate  a  moderately  sized  Iwdraulic  mine,  Avhile  with  a  400- 
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foot  liead  1000  inches  would  niovo  nearly  tlie  same  amount  of  gravel, 
provided  it  were  loose  and  free. 

Pew  hydraulic  mines  are  so  situated  tliat  a  full  head  of  water  is 
()l)tMinal)le  throuofhout  the  year,  consequently  part  oL*  the  excess  of  water 
during,'  the  season  of  greatest  flow  is  conserved  wherever  possible,  in 
storage  reservoirs.  When  the  supply  becomes  low,  these  are  frequently 
allowed  to  fill  during  twelve  to  twenty  hours  of  the  day,  the  water  heing 
used  for  only  a  short  interval. 

Where  it  is  impossible,  from  the  contour  of  the  country,  to  obtain  water 
under  a  natural  head  of  any  magnitude,  attempts  have  been  made  to 
substitute  artificial  pressure  from  pumps.  This  is  only  practicable  where 
water  power  is  cheap,  as  well  as  abundant.  The  most  noteworthy  recent 
instance  of  large-scale  operation  of  this  sort,  which  has  come  under  the 
writer's  observation,  is  the  hydraulic  work  which  was  done  on  the 
Panama  Canal,  where  sea  water  was  used  under  pressure  for  cutting 
down  the  material  with  giants,  centrifugal  pumps  being  employed  to 
elevate  and  discharge  the  material.  The  latter  was  chiefly  silt  and  fine 
sand,  but  even  under  these  circumstancs  the  duty  was  low  and  the  cost 
high.  Wliile  such  installations  may  prove  successful  mechanically,  they 
have  in  most  instances  been  failures  financially. 

The  duty  of  water,  in  cubic  yards  per  miner's  inch,  varies  from  one  to 
ten,  and  depends  upon  the  character  of  the  gravel,  the  facility  for  dis- 
posal of  tailings,  the  amount  and  head  of  water  available. 

The  presence  of  an  ample  supply  of  good  timber  for  construction  is 
more  vital  than  in  the  case  of  dredging,  as  it  is  constantly  in  demand 
for  the  building  and  repair  of  flumes,  sluices,  trestles,  dams,  sluice 
linings,  giant  and  pipe  line  bracing,  as  well  as  the  manufacture  of 
sluice-blocks.  The  presence  of  buried  timbers  in  the  deposits  is  not  at 
all  prohibitive  in  this  class  of  mining,  as  they  can  readily  be  piped  out 
and  cut  to  size  convenient  for  the  derrick.  The  clearing  of  a  dense 
growth  of  standing  timber,  of  course,  adds  to  the  cost  of  mining. 

After  the  equipment  and  installation  of  a  hydraulic  property,  the 
question  of  labor  is  not  a  serious  one,  as  but  few  skilled  men  are 
required.  Three  pipers,  six  sluice  men  and  ditchtenders,  a  good  black- 
smith, and  perhaps  a  winchman  are  all  that  are  required  on  a  mine  of 
moderate  size,  handling  from  two  thousand  to  five  thousand  yards  of 
gravel  a  day. 

One  of  the  chief  advantages  that  hydraulic  mining  has  over  dredging 
is  the  fact  that  it  is  not  so  greatly  affected  by  the  cost  of  transport. 
A  7-foot  dredge  complete  weighs  nearly  one  thousand  tons,  whereas  the 
equipment  of  a  hydraulic  mine,  handling  the  same  amount  of  gravel, 
complete  with  giants,  pipe,  gates,  sawmill,  derrick,  and  tools,  ^veighs 
one  hundred  tons. 

Besides  the  cost  of  equipment  in  the  subsequent  running  of  the  mine, 
that  of  supplies  and  spares  amounts  to  a  comparatively  small  sum,  most 
of  the  repairs  being  made  by  the  blacksmith.  For  tlie  above  reasons, 
and  owing  to  the  fact  that  all  equipment  can  be  shipped  in  small  pack- 
ages, a  hydraulic  mine  can  readily  be  operated  in  districts  reached  only 
by  trail.  Where  timber  must  be  brought,  the  question  of  transport 
becomes  much  more  serious ;  so  serious,  indeed,  that  in  some  cases  it 
may  prove  prohibitive. 
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Tlic  question  of  the  inij)()uii(lin^  of  dcln-is  is  a  serious  factor  in  plans 
for  liydraulic  minin«r  in  those  distriets  in  wliicli  debris  restrictions  arc 
enforced.  The  problem  in  California  has  liccn  fully  discussed  in  another 
chapter  of  this  vohnnc. 

In  planning-  the  operation  of  a  pi-opcrty,  it  is  impoitant  to  consider 
the  effect  of  the  disposal  of  tailin^^  upon  farniin<^  and  other  lands. 
Where  irriiration  (\'inals  are  fed  from  i-ivers  below  the  dnmpin«,'  ^'round 
of  the  mine  it  is  (jnite  j^ossible  that  these  canals  nuiy  be  silted  by  mining' 
operations,  which  would  naturally  result  in  trouble  for  all  concerned. 

An  ideal  dumiunir  irround  is  oiu^  like  that  of  the  LaGrange,  in  north- 
ern California.  The  tailinj?  is  dumped  into  a  narrow  valley  about  four 
miles  loni?,  Avhich  is  the  property  of  the  company  and  drains  directly 
into  the  Trinity  River.  This  river  and  the  Klamath  were  not  include^! 
in  the  prohibition  of  the  debris  law.  They  are  not  navio^able  .streams, 
and  the  damage  done  by  hydraulic  mining  to  the  farming  interests  is 
practically  negligible. 

Where  all  factors  calling  for  the  employment  of  hydraulic  mining 
are  present,  with  the  exception  of  dumping  facility,  this  adverse  condi- 
tion can  sometimes  be  overcome  by  the  use  of  the  hydraulic  elevator  . 

Cheap  and  abundant  water  under  great  pressure  is  essential.  This 
is  due  to  the  fact  that  the  efficiency  of  these  machines  is  notoriously 
low.  The  lifting  power  of  the  elevator  is  from  one-sixth  to  one-tenth 
of  the  head  of  water  employed.  The  proportion  of  solids  in  the  total 
weight  of  material  lifted  is  at  most  5  per  cent,  the  remaining  95  per 
cent  being  water.  It  is  largely  due  to  these  facts  that  mining  by  this 
method  has  not  always  been  successful.  Another  factor  requiring  con- 
sideration is  the  size  and  amount  of  boulders  in  the  ground.  Ordinarily, 
with  an  ample  supply  of  water,  in  regular  hydraulic  mining,  the  size 
of  the  boulders  that  can  be  ejected  through  the  sluices  is  in  the  main 
limited  only  by  the  width  of  the  latter.  In  hydraulic  elevation,  how- 
ever, the  limit  is  governed  by  the  width  of  the  throat  of  the  elevator; 
consequently,  as  this,  even  in  a  large  elevator,  is  not  more  than  15 
inches,  all  boulders  of  larger  diameter  must  either  be  blasted  or  handled 
by  the  derrick  or  stone-boat.  Consequently  only  ground  containing 
moderately  small  gravel  is  adaptable  to  this  method  of  treatment. 

AVhen  a  deposit  of  gravel,  not  exceeding  50  feet  in  depth,  lies  on  a 
hard  bedrock  with  little  or  no  dumping  facility,  and  the  water  supply 
is  limited,  and  when  nests  of  heavy  boulders  exist,  a  modification  of  the 
hydraulic  method  with  the  adoption  of  an  inclined  grizzly  or  of  a 
simple  inclined  sluice  may  be  advisable.  The  former,  sometimes  called 
the  Ruble  elevator,  will  be  described  in  detail  later.  By  the  use  of  it 
all  the  heavy  tailing  is  stacked  and  left  on  the  worked-out  bedrock. 
The  grizzly  is  unsuitable  on  rough  and  extremely  wavy  or  uneven  bed- 
rock, owing  to  the  difficulty  in  moving.  Its  chief  advantage  over  all 
other  forms  of  elevator  lies  in  the  low  cost  of  construction,  as  well  as 
the  fact  that  it  can  be  made  on  the  ground.  Another  point  in  which  it 
excels  is  its  capacity  for  handling  heavy  boulders. 

The  inclined  sluice  is  employed  to  elevate  material  that  has  already 
passed  through  a  string  of  sluice  boxes;  or  to  elevate  material  from 
the  diggings  to  the  sluice  boxes  in  order  to  secure  dump.  Small 
deposits  in  northern  California  and  southern  Oregon  have  been  worked 
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by  tJiis  inctliod  niul  also  deposits  in  the  Circle  and  Forty  Mile  districts 
in  Alaska.  On  INFastodon  ('reek,  in  the  (.'irele  district,  a  small  plant  is 
in  ojx'ration,  which  may  he  cited  as  an  example  of  this  practice.  Here 
two  No.  1  jiiants  and  one  No.  '2  uiant  liave  been  operating?  with  water 
nnder  a  lOO-foot  head.  The  shiice-boxes,  liO  inches  wide,  of  which  there 
were  six,  each  12  feet  loni^-,  delivered  their  tailintis  into  a  common  sninj). 
From  here  the  lailini?  was  stacked  35  feet  hij^-h  thron^jh  an  inclined 
slnice  by  the  No.  2  o-iant. 

The  depth  of  the  gravel  was  9  feet,  and  the  duty,  iiicludinfr  the  water 
used  for  stackin.^:,  was  2J  cubic  yards  per  miner's  inch  of  twenty  hours. 

Hydraulic  minino:  methods  vary  i^reatly  in  different  districts'  accord- 
in^-  to  the  physical  conditions  encountered.  Even  in  California  a  case 
may  be  cited  of  two  totally  different  practices  in  regions  only  a  few 
hundred  miles  apart.  In  the  northern  part  of  the  state  in  territory 
tributary  to  the  Klamath  and  Trinity  rivers,  the  great  majority  of  the 
bars  Avhich  have  been  worked  are  not  very  high  above  the  beds  of  the 
present  rivers.  The  depths  of  the  gravel  banks  do  not  generally  exceed 
from  30  to  50  feet.  For  this  reason,  the  employment  of  a  drive  or 
'booster  giant'  is  necessary.  This  giant  is  set  in  such  a  position  as  to 
drive  the  gravel  directly  to  the  sluice  boxes  after  it  has  been  cut  down. 

In  most  of  the  larger  mines  of  the  Sierras  in  eastern  California, 
hydraulic  mining  practice  is  totally  different.  Here  the  banks  are  high, 
running  to  600  feet  in  depth,  and  as  a  result,  resetting  of  giants  is  far 
less  frequent.  In  the  practice  in  vogue  in  this  territory  the  giants  are 
employed  mainly  for  the  purpose  of  cutting  down  and  are  set  directly  in 
front  of  the  bank.  For  transportation,  lead  water  is  relied  upon,  as 
the  grade  and  dump  are  much  better  than  in  the  northern  country, 
W'here  most  of  the  w^ater  is  applied  through  the  nozzle  and  but  little 
lead  water  is  used. 

In  planning  the  operation  of  a  hydraulic  mine,  the  first  question  to 
arise  is  that  of  getting  the  needful  supply  of  water  under  Avorking  pres- 
sure. This  is  usually  the  most  costly  feature  of  the  mine.  A  ditch  and 
flume  several  miles  in  length  may  have  to  be  dug  and  constructed.  A 
timber  or  stone  or  concrete  dam  may  have  to  be  blasted  in  the  river 
or  stream  at  the  point  of  diversion  of  the  Avaters  or  a  tunnel  may  have 
to  be  cut  through  the  solid  rock  for  several  hundred  feet  in  order  to 
avoid  the  washing  out  of  the  flume  by  annual  floods  characteristic  of 
torrential  streams. 

In  a  chapter  whose  scope  is  limited,  it  is  impossible  to  give  the  more 
intimate  details  of  this  type  of  work.  The  reader  is  referred  to  the 
bibliography  at  the  end  of  this  chapter  for  details  of  construction ; 
however,  the  broad  general  principles  of  procedure  will  be  briefly 
outlined. 

As  a  rule,  in  all  temperate  countries,  the  first  thing  to  be  constructed 
is  a  sawmill.  If  possible,  this  is  usually  located  near  the  head  of  the 
ditch,  either  above  or  below  the  point  of  diversion  of  the  water.  As 
fast  as  the  ditch  and  flume  are  built,  water  can  thus  be  used  to  carry 
lumber  to  the  point  where  it  is  needed  and  later  on  to  the  mine  itself. 
IMost  dams  in  timber  countries  are  built  of  a  crib  work  or  cross  timbers 
laid  upon  sills,  which  are  placed  in  hitches  cut  in  the  bedrock  at  a  point 
where  a  solid  foundation  can  readily  be  obtained.  This  crib  work  is  filled 
in  W'ith  boulders,  rocks,  and  sand,  and  in  a  short  time  the  material 
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l)rc)UL;lit  ih)\\  11  l»y  tho  rivt'r  will  make  it  a  pcriiiaiit'iit  stnictiin'.  As  a  rule, 
it  is  faced  on  tlio  upp(M'  side  with  heavy  j)lankiii«r.  The  turnout  ^'ate 
for  the  flume  should  be  seeti(niali/('d  in  order  to  control  the  amount  of 
water  admitted  to  the  flunu*.  One  very  ^ood  system  is  to  have  the  |_rat(' 
made  ol*  ()x4's.  which  can  he  raised  inde|)('ndenlly  of  one  another, 
therel)_\-  wideniiiLi-  the  aj)erture  iiilo  the  lliiiiie  or  iiarrowinjr  it  whemn'cr 
desired  with  the  least  exixMiditure  of  etVort.  The  iirst  or  head  boxes  of 
the  tluiiie  should  be  jirotected  either  by  a  bedrock  wall  or  a  built-up 
wall  against  i)()ssible  tloodinii'  and  raisin<r  of  tlie  river. 

In  the  location  of  the  saw  mill,  advantaiife  is  usually  taken  of  some 
small  iiully  runninii'  back  uj)  the  hill  toward  the  thickest  timber  for  the 
building-  of  a  skid-way,  and  as  fast  as  the  loii's  are  cut  the  rej^ulation 
lenirths,  they  are  shot  down  the  skid-way  into  a  pond  or  against  an 
embankment  immediately  above  the  mill.  If  the  mill  is  at  or  near  th(! 
ditch  line,  where  the  latter  has  already  i-ained  enou'^li  distance  ai)()ve 
the  river,  the  ditch  will  supi)ly  power  for  running  the  sawmill.  AVhen 
a  considerable  supply  of  timber  and  lumlxM-  has  thus  been  assured  for 
Hume  and  dam  purposes,  a  ii'reat  deal  of  judL'inent  must  be  used  not 
only  in  the  flume  construction,  but  in  diirgin'i'  the  ditch.  In  flume  con- 
struction, the  question  of  footingfs  is  most  important  and  will  often 
determine  the  life  of  the  fiume. 

With  rcGfard  to  the  ireneral  features  of  the  ditch,  it  may  be  said  that 
the  ofrade  should  be  suitable  for  the  (piality  of  the  soil,  the  front  ])ank 
should  be  wide  and  firm,  and  the  hill  hank  should  be  well  sloped.  The 
main  idea  of  its  di^si^n  is  to  keep  the  force  of  the  water,  as  well  as  the 
greater  portion  of  the  fi-iction  back  against  the  hill  as  mnch  as  possii)le, 
yet  not  so  mnch  as  to  cause  extensive  undercutting  and  slides.  To 
avoid  these  latter  nightmares  of  the  hydraulic  miner,  even  when  the 
ditch  has  been  well  constructed,  one  or  more  ditchtenders  may  be  neces- 
sary. There  are.  of  course,  innumerable  methods  of  ditch  repairing  and 
bracing  known  to  the  experienced  miner.  As  it  is  impossible  in  limited 
space  to  give  too  nuicli  of  detail,  the  reader  must  again  be  referred  to  the 
bibliography. 

Turnouts  and  sand  gates  at  frequent  intervals  are  essential,  and  in 
ease  of  breaks  in  the  ditch,  may  save  much  damage.  Changes  of  grade 
should  be  avoided  unless  there  is  marked  change  in  the  character  of  the 
ground,  as  the  point  of  change  merely  fills  to  the  regular  grade  with 
cuttings  brought  down  by  the  Avater.  If  the  grade  used  for  the  roughest 
surface  be  carried  throughout  the  ditch,  things  are  on  the  safe  side. 
The  flume  grade  will  of  course  be  constant  and  much  less  than  the 
ditch  grade.  Care  should  be  used  in  blasting  through  hard  rock  to 
prevent  excessive  fracture  and  consequent  leakage.  The  whole  ditch 
should  be  carefully  puddled  with  clay  or  saw-dust  at  frequent  intervals. 

Ground  that  is  apt  to  slide  should  be  flumed  in  spite  of  the  tempta- 
tion to  dig  the  ditch  in  soft  ground.  It  will  eventually  have  to  be 
fliuned  anyway,  and  this,  when  the  footing  has  slid  away,  will  be  done 
at  a  much  greater  cost.  Above  all,  it  should  be  borne  in  mind  while 
constructing  a  ditch  and  at  all  other  times  that  when  the  giants  are 
not  working  there  is  no  money  going  into  the  sluices  and  nothing  is 
more  costly  than  shutting  off  water  to  repair  ditch  breaks  during  the 
mining  season. 
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Ilaviiii^:  brought  the  water  above  the  property  with  the  desired  head, 
the  next  thiiiji:  re(|uirinijf  carofiil  work  is  to  ^^et  it  down  to  the  workinjjj 
faee.  If  the  pressure  is  ^n*eat  and  the  hillside;  steep,  the  greatest  eare 
must  be  taken  in  hi-acin^  the  lower  portion  of  the  pipe  line.  The  details 
of  line,  <Xi\i{\  and  elbow  braein«^-,  as  well  as  penstock  biiildinnj^  are' 
matters  of  practical  importance,  and  the  reader  is  again  referred  to  tlie 
bibliography  for  details  of  construction. 

When  everything  is  ready  to  start  laying  the  branch  strings  of  pipes 
and  setting  the  giants,  the  question  of  the  proper  method  of  working 
the  ground  arises.  This  calls  for  the  exercise  of  good  judgment. 
Ground  that  has  only  an  ordinary  dump  into  a  river  that  depends  upon 
annual  floods  to  carry  away  excess  tailing  should  never  be  opened  from 
the  lower  end,  as  a  dam  will  be  formed,  and  all  detritus  from  the  work- 
ings, including  the  fines,  will  fill  up  the  river  and  spoil  what  dump  there 
is.  On  the  other  hand,  in  case  of  good  dumping  facilities,  it  is  well  to 
open  at  the  lower  end  and  take  advantage  of  the  bedrock  slope  in  laying 
sluices.  If  two  strings  of  sluices  can  be  so  laid  that  one  giant  can  be 
set  between  and  turned  from  one  to  the  other  while  heavy  boulders  are 
being  blasted  or  removed  by  derrick,  efficiency  is  gained.  In  case  a 
dump  giant  has  to  be  used  to  pipe  dump  up  river — it  should  never  be 
piped  down — the  water  may  be  turned  into  it  at  similar  odd  times. 
The  use  and  placing  of  a  derrick,  equipped  with  chains,  for  the  larger 
boulders,  and  stone-boats  for  the  smaller  ones,  recpiires  judgment  and 
experience.  Care  must  always  be  taken  not  to  cause  blocks  with  boulder 
piles. 

As  stated  before,  there  are  two  general  types  of  California  i)ractice 
in  hydraulic  mining  methods  brought  about  by  different  sets  of  condi- 
tions. In  the  eastern  portion  of  the  state,  tributary  to  the  Sacramento 
River,  and  now  practically  closed  by  the  debris  law,  gravel  banks  are' 
for  the  most  part,  deep  and  have  excellent  dump.  As  a  result,  when 
bedrock  cuts  were  started  for  sluice-ways,  their  depth  was  usually  so 
calculated  that  when  a  string  of  sluices  reached  the  limit  of  the  workable 
ground,  it  would  still  be  in  bedrock.  Thus  the  sluices  were  always  kept 
up  to  the  face,  and  all  giants  were  employed  in  cutting  down  the  bank 
alone.  This  is  very  different  from  northern  California  practice,  in 
w^hich  cutting  is  done  by  the  field  giant,  which  is,  in  shallow^  ground, 
kept  close  to  bedrock.  Driving  across  bedrock  to  the  head  of  the  boxes 
is  done  by  the  booster  giant,  which  is  often  placed  on  the  bank  in  line 
with  the  boxes.  By  the  shallow  cut  thus  necessary  for  the  sluice-way 
many  feet  of  dump  are  saved. 

Speed  and  efficiency  in  handling  ground  are  largely  dependent  on 
the  personal  factors  of  judgment  and  experience.  Gold  saving,  on  the 
other  hand,  is  more  a  matter  of  common  sense.  On  this  point  very 
mnch  has  been  written,  and  the  reader  is  again  referred  to  the  bibliog- 
raphy at  the  close  of  this  chapter.  A  general  discussion  of  the  funda- 
mental principles  will,  however,  be  confined  to  as  short  a  space  as 
possible. 

For  the  saving  of  fine  gold,  it  is  generally  conceded  that  raihvay  iron 
(usually  about  forty  pounds  weight  per  yard),  laid  across  the  boxes, 
and  spaced  at  2  to  2|  inches  apart,  or  Hungarian  rifiHes,  which  are 
2x4  scantlings  covered  wdtli  steel  straps,  are  the  best  form  of  riffles 
both  for  security  and  durability.     These  riffles  are  often  placed  in  sec- 
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lions,  wliii'li  iillcrnnlclv  run  1»mii:1  liw  is(»  and  tln'ii  ci'osswiso  of  lln' 
l»()X('s.  In  many  ])la(*o.s  it  is  not  ahva\s  possible  to  socuro  tin*  necessary 
material,  and  sluice  blocks  sawed  i'roiy  fir  trees,  about  ten  indies  thick, 
are  perhaps  more  jjfeneraily  used  than  anxthiiiLr  els(».  These'  slui(;e 
boxes  are  separated  from  one  anothei-  by  pebl)]es  j)laced  })etiveen  them 
in  ord(»r  to  form  I'iftles  two  or  three  inches  in  width  and  the  depth  of 
the  block.  Details  of  construction  of  sluices  and  of  the  makin*^'  of" 
I'iflles  can  be  found  in  any  of  numerous  reference  books. 

In  the  ease  of  fine  gfold,  one  or  more  undercurrents  should  always 
be  used,  no  matter  how  lonpr  may  be  the  strin«r  of  sluice  boxes.  Quick- 
silver is  usually  left  out  of  the  first  few  head  boxes,  but  in  the  lower 
boxes  should  be  used  carefullv,  too  much  bein«r  nearly  as  harmful  as 


Photo  No.  10.     Hydraulic  Mining  near  Forks  of  Salmon,  Siskiyou  County,  Cal. 

too  little.  Care,  of  course,  must  always  be  used  in  pianino:  and  caulking 
sluice  bottoms  to  avoid  loss.  Flooding  of  sluices  liy  the  pipes,  with  its 
constant  fluctuation,  should  never  be  allowed.  To  avoid  this,  where 
possible,  some  lead  water  should  be  employed  independent  of  the  giant 
water.  The  grade  of  sluices  depends  upon  local  conditions,  varying 
generally  from  3  to  9  inches  per  12-foot  box;  6  and  7  inches  per  box 
are  good  grades  with  which  to  operate. 

It  has  already  been  mentioned  that  in  deposits  without  sufficient 
dump  for  ordinary  hydraulicking.  elevators  may  be  used.  There  are 
many  deposits  in  California  and  elsewhere  that  have  been  successfully 
worked  by  this  means,  thanks  to  the  presence  of  abundant  cheap  water. 

The  usual  means  of  operation  is  to  blast  out  a  pit  or  sump  about  4 
feet  deep  and  10  or  15  feet  square  in  the  bedrock.  The  receiving  end 
of  the  elevator  is  set  in  the  lowest  portion  of  the  pit.  The  sump  should 
be  centrally  placed,  as  a  great  deal  of  time  is  required  to  move  the 
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clcNJilor,  with  ('()ii.s('(|ii("iil  loss  of  wjilcr  season.  I^^xccpl  where  1  he  iii-avel 
is  V(MA  line,  a  (h'l-fiek  and  stone  hoal  iwv  useil  in  eoniiect  ion.  A  ni-i//ly 
is  placed  in  front  of  the  intake,  \^hose  hai's  are  spaced  at  h'ast  oik;  inch 
closer  toj^etlier  than  the  width  of  the  elevator  thi'oat.  At,  frcHjuent 
intervals  the  liri/zly  nnist  l)e  cleared  by  hand  laho)',  assisted  by  tho 
stono-l>oat.  As  a  i-esnit,  dni'in^'  these  intervals  there  is  a  loss  or  waste 
of  power  which  varies  with  the  amount  oT  l)oni(lei-s  in  the  ground. 

The  (^FHciency  of  these  machines  is  low  for  the  amount  of  water  con- 
smned.  In  the  writer's  experience  of  the  principal  types  now  on  the 
market,  the  Kvans,  Campbell,  and  the  Ilendy  elevators  are  probably  the 
most  efficient.  The  Evans  elevator  has  a  distinct  advantage,  due  to  the 
air  suctions  used  on   either  side,  which  prevents  tlie  formation  of  a 


Photo  Xo.   12.     Ruble  Elevator  at  Gilta,   California. 

vacuum  in  the  discharge  column.  It  is  certainly  true  that  this  machine 
will  give  a  greater  lift  for  a  smaller  head  than  any  other  type  that  the 
writer  has  used.  It  has,  however,  some  disadvantages  on  account  of  its 
lightness  of  construction. 

One  of  the  most  successful  elevators  in  northern  California  was  con- 
structed on  the  mine  at  the  property  of  the  North  Fork  Salmon  River 
^Mining  Company  in  California.  It  consisted  of  a  steel-lined  box  about 
18  inches  square  inclined  at  an  angle  of  about  50  degrees,  with  a  5-inch 
jet  at  the  bottom  and  a  half-inch  steel  striking-plate  at  the  top,  imme- 
diately over  the  sluice.  The  material  was  elevated  about  30  feet.  The 
operating  head  was  about  250  feet.  The  water  supply  was  exceptionally 
good  and  about  700  inches  was  required  for  the  elevator.  Boulders  up 
to  11  or  ,12-inch  diameter  were  handled,  and  there  was  no  attempt  at 
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const  I'lU'liim  a  llirojit,  cNci-yl  liiuii  Itciiiu-  liTlctl  dircctlv  mi  llic  Jet.  Tln' 
(*ii|).irily    was   ai)|)i'()ximat«'ly    1000   yai<ls   pel"   day. 

As  before  staled,  tlic  l\ul)l('  elevator  is  siiii|>le  and  is  iiMiall^x  ron- 
stnietetl  on  the  ui'ound  where  it  is  to  he  oix-rjited.  Jt  consists  of  an 
inclined  chnte  at  an  anuh'  of  al)ont  17  deg^reos  and  alxuit  100  feet  in 
lenirth,  iiicludinii' a  JO-foot  apron,  whicli  is  nsed  to  inal<e  connection  with 
bedrock.  Tliis  apron  is  set  with  its  walls  tittin*,'  closely  inside  the  walls 
of  the  main  elevator  chute,  which  is  about  00  feot  loni*-.  When  movin^^ 
the  apron  is  moved  separately. 

The  chute  itself,  as  well  as  the  apron,  is  lined  with  (piartei--incii  steel 
sides  and  three-(Mjihtlis-inch  plates  on  tlie  bottom.  Jl  is  al)out  S  feet  in 
width,  and  the  walls  taper  fi'om  1*2  feet  in  lieijrht  at  the  bottom  to  al)out 
4  feet  at  the  top.    For  the  lirst  20  feet  of  the  incline  the  bottom  is  solid. 


Photo  No.  13.     'Boiling  out'  with  Ruble  Elevator. 

The  remaining  70  feet  consists  of  grizzly-bar.s  spaced  about  2^  inches 
apart,  running  transversely ;  these  bars  are  made  of  2  by  6-inch  timbers 
covered  with  straps  of  half-inch  steel.  Underneath  the  grizzly  is  a 
false  bottom  whicli  slopes  down  from  the  upper  end  of  the  elevator  to 
the  sluice-box,  which  in  turn  runs  out  at  right  angles  from  under  the 
main  chute,  directly  under  the  lower  end  of  the  grizzly.  Both  the  false 
bottom  and  the  box  are  lined  with  light  steel,  and  6-foot  extensions  are 
built  from  the  latter  on  separate  bents,  set  at  the  desired  grade,  until 
about  60  feet  of  sluice  is  obtained.  The  riffles  used  are  Hungarian, 
2  by  4-incli  timbers  covered  with  strap  steel,  set  at  intervals  lengthwise, 
but  mainly  crosswise,  of  the  sluice.  If  desired,  the  sluice  can  be  covered 
and  put  under  lock  and  key. 

The  supporting  structure  of  the  main  elevator  is  built  on  three  long 
stringers  about  12  bv  14  inches  in  size.     Bents  4  bv  6  inches  are  built 
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cTosswisc  ui)oii  tlieiii  lo  sii|)|)()i-l  Uic  cliutc.  lion  rods  in;iy  1)0  used  Tor 
brilcill^^  Tlio  whole  ijjrizzly  is  mounted  upon  skids  set  erossvvays  of  the 
stringers  and  supported  hy  block's  resting  upon  bedrock.  When  moving, 
a  roadway  for  these  skids  has  to  be  built  ahead  of  it.  Moving  is  done 
with  a  light  winch  and  a  cable,  one  niuh^  fui'nishing  ample  ])ower. 

The  method  of  operation  is  as  follows:  The  elevator  giant  is  set 
squarely  in  front  and  in  line  with  the  middle  of  the  grizzly,  about  80 
feet  back  from  the  bottom.  Wings  are  Imilt  out  on  either  side  of  the 
elevator,  one  wing  reaching  clear  to  the  bank.  The  wings  are  about 
10  feet  high,  and  faced  with  the  poorest  timber  scrap  on  the  place  as  a 
protection.  The  supporting  frames  can  be  made  so  as  to  be  portable 
and  quickly  set  up  by  bolts.  They  must  be  well  braced  from  behind,  as 
gravel  is  constantly  being  slammed  against  them  by  the  giant. 

The  field  or  cutting  giant  starts  operations  behind  the  elevator  giant 
and  w^orks  along  the  face  from  bedrock,  taking  a  layer  from  10  to  20 
feet  thick,  driving  it  up  along  the  bank  to  the  wing  of  the  elevator, 
and  piling  it.  From  this  point  onward  it  is  taken  in  charge  by  the 
elevator  piper.  As  l)oth  giants  are  often  in  operation  at  the  same  time, 
a  rough  shed  is  built  over  the  elevator  giant  to  protect  the  piper. 

The  piper  must  use  great  care  in  order  to  avoid  loss  of  fine  gold.  He 
])icks  up  a  few  cubic  yards  of  material  and  drives  it  up  the  solid 
portion  of  the  incline.  Then  he  carefully  'boils-out'  the  fines  over  the 
lower  portion  of  the  grizzly.  The  fines  go  through  into  the  box,  and 
not  until  the  boulders  and  heavier  stones  are  clean  and  bare  are  they 
pushed  over  the  end  of  the  machine.  A  few  are  always  left  on  the 
grizzh'  to  act  as  a  baffle  for  flying  fines  and  gold,,  as  the  latter,  has  a 
tendency  to  flick  over  the  end  on  the  giant  spray.  After  the  fine 
material  has  thus  been  separated  and  put  through  the  grizzly  and  the 
boulders  driven  over  the  end,  the  action  is  repeated. 

About  every  hour  or  so  tlie  giant  must  be  swung  to  one  side,  and  the 
fine  tailing  that  is  collected  and  heaped  at  the  discharge  end  of  the 
sluice  piped  away.  A  dump  giant  is  kept  at  one  side  to  pile  up  at  odd 
moments  when  the  water  may  not  be  in  use  in  either  of  the  other  two. 

When  the  field  giant  has  been  advanced  along  the  face  until  it  has 
cut  its  entire  swath,  it  is  drawn  back  again  and  another  layer  of  10 
or  20  feet  removed.  From  one  setting  of  the  machine  a  tremendous 
amount  of  material  can  be  reached,  especially  if  the  pressure  is  good. 

When  the  boulder  dump  is  filled  to  the  top  of  the  machine,  sills 
are  laid  on  it  with  a  platform  of  boards  as  an  extension  of  the  elevator. 
This  operation  is  repeated  every  two  or  three  days  until  the  dump  is 
piled  much  higher  than  the  machine.  Then  the  dump  giant  is  run 
forward,  the  whole  pile  piped  dow^n  in  a  few  hours,  and  a  new  start  is 
made. 

When  the  driving  limit  of  the  field  giant  has  been  reached,  the 
machine  must  be  moved.  The  time  required  to  do  this  (5  or  6  days)  is 
one  of  its  chief  drawbacks.  This  can  only  be  obviated  hy  using  two  or 
three  machines  and  changing  the  water  from  one  to  another.  In  this 
way,  two  machines  can  always  be  kept  in  operation  while  one  is  being 
moved.  With  a  50-foot  bank,  and  the  field  giant  working  under  400 
feet  of  pressure,  the  elevator  should  be  good  for  at  least  four  weeks  w^ork 
in  one  place. 
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As  previously  stated,  the  iiuicliine  is  jiioved  l>y  uiiidi  and  cahlc 
(Jreat  eare  must  llierel'ore  l)e  taken  to  liave  the  skids  level  and  firm,  so 
avS  not  to  rack  il. 

The  writer  has  operated  a  niaehine  of  this  type  on  ground  carrying 
alK)ut  10  cents  per  cubic  yard,  with  about  8  feet  of  dump  into  a  small 
river.  From  (iOO  to  1200  inches  of  water  under  about  450  feet  head  was 
available  for  about  four  months  of  the  year.  During  this  time  100,000 
yards  of  gravel  was  handled,  and  the  total  operating  expenses,  including 
ditch  maintenance  and  all  preparatory  work,  was  $(5,000,  or  6  cents  a 
yard.  As  the  gravel  was  heavy,  containing  nests  of  boulders  from  1  to 
5  tons  in  weight  near  bedrock,  and  the  bank  was  only  20  to  25  feet  in 
height,  this  may  be  considered  a  fairly  low  working  cost.  The  powder 
'hill  for  the  season,  with  powder  at  25  cents  a  pound,  was  al)out  $200, 


Photo  No.  14.     Showin^^  the  J'ize  of  Boulder.s  put  throiigrh  the  Ruble  Elevator. 

because  all  rocks  that  would  not  conveniently  go  over  the  grizzly  had  to 
be  blasted  to  about  half -ton  size,  or  a  trifle  less.  Boulders  weighing  more 
than  a  ton  could  be  put  over  the  machine:  although  of  course  very 
slowl}',  so  that  it  was  not  good  practice  to  do  it. 

Although  the  mine  was  distant  90  miles  from  the  railway  and  all 
steel  had  to  be  imported,  the  total  cost  of  the  machine  erected'  upon  the 
ground  was  about  $8,500.  The  capacity  was  from  1000  to  2000  yards 
per  day  of  24  hours.  This  capacity  could  be  increased  at  least  50  and 
perhaps  100  per  cent  by  the  use  of  an  automatic  gate  at  the  upper  end 
of  the  machine,  which  would  keep  all  fine  gold  from  flying  over,  and 
obviate  the  necessity  of  losing  time  in  careful  boiling-out  of  the  fines. 
This  would  also  prevent  any  loss  due  to  careless  piping,  as  the  material 
could  be  jammed  through  the  machine  almost  as  fast  as  the  pipe  could 
carry  it  without  danger  of  gold  flying  over. 
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'I']it»  subject  of  liydraulir*  iiiiiiiiit^,  if  conci-ciI  in  dcl.til,  \\()iil(l  rxu^upy 
a  volume  iu  itself.  In  the  forej^oiii^  ])fii'fi<^iji|)lis,  the  wi-iter  lias  endeav- 
ored to  restrain  hiinself  to  an  outline  of  the  fundamental  prineiples  that 
t^overn  the  selection  and  opei'ation  of  a  hydraulic  mine.  For  more 
complete  detail,  expressed  in  a  better  manner  l)y  a  man  who  is  a  master 
of  his  subject,  the  reader  is  referred  to  Mr.  A.  J.  Bowleg's  treatise  on 
hydraulic  minin*^'. 

One  subject,  however,  should  perhaps  be  mentioned  in  addition. 
The  above  methods  of  mininj?  secure  their  greatest  efficiency  in  gravel 
that  is  moderately  loose  and  free.  In  a  great  many  of  the  larger  deposits 
of  gravel  now  remaining  in  California,  the  material  is  so  tightly  bound 
together  that  it  becomes  necessary  to  blast  the  banks  before  hydraul- 
icking. 

The  usual  procedure  in  this  case  is  to  run  a  tunnel  directly  into  the 
bank,  either  on  bedrock  or  near  the  bottom  of  the  ground  which  is  being 
benched  off  to  a  distance  which  Avill  approximately  equal  the  height  of 
the  bench.  From  the  end  of  this  tunnel  cross  cuts  are  run  at  right 
angles  in  directions  so  that  the  whole  working  resembles  a  'T'  in  form. 
This  tunnel  is  carefully  packed  with  explosives  according  to  the  mass  of 
the  ground  which  is  to  be  broken,  and  the  hole  is  then  carefully  sealed 
and  tamped,  connection  being  first  made  for  electric  detonation.  After 
the  bank  has  been  shattered  and  broken  by  this  discharge,  it  is  eroded 
and  broken  down  by  the  hydraulic  giant  in  the  usual  manner.  The  cost 
of  this  blasting  will,  of  course,  vary  with  the  physical  conditions  which 
obtain  in  the  bank.    As  a  rule,  it  will  vary  between  2  to  5  cents  a  yard. 

DRIFT    MINING. 

Gravel  that  is  covered  by  flows  of  igneous  rock  or  by  a  heavy  deposit 
of  overburden,  and  the  metal  in  w^hich  is  concentrated  within  a  rela- 
tively narrow  strata,  is  usually  mined  by  drifting. 

The  relative  importance  of  the  factors  that  govern  the  choice  of  this 
form  of  mining  is  often  dependent  on  the  conditions  under  which 
operation  must  be  undertaken.  For  instance,  in  the  early  days  of 
California  mining,  many  deposits  were  drifted  for  their  richer  streaks 
by  miners  with  little  or  no  capital.  Later,  some  of  these  deposits  were 
hydraulicked  with  great  success.  In  the  same  way  a  large  proportion 
of  the  Oroville  ground  was  drifted  before  the  advent  of  the  dredge. 

The  proper  conditions  for  the  operation  of  a  drift  mine  may  be 
stated  as  follows:  Values  heavily  concentrated  in  the  gravel,  without 
too  large  boulders,  too  much  water  or  running  sandy  ground ;  bedrock 
that  should  not  be  swelling,  and  yet  which  is  soft  enough  to  have  caught 
and  retained  a  fair  proportion  of  the  bedrock  pay  or  heavy  gold.  An 
ideal  drifting  ground  is  one  in  which  gravel  is  about  five  feet  thick  on 
a  slate  bedrock  and  is  capped  by  a  smooth  homogeneous  body  of  lava  or 
volcanic  mud.    The  gravel  should  be  fairly  loose,  without  cement. 

In  a  drift  mine  skilled  miners  and  timbermen  are  a  necessary 
adjunct.  It  is  often  necessary  in  opening  up  such  a  mine  to  run  long 
cross-cut  tunnels  or  to  sink  fairly  deep  shafts.  These  add  greatly  to  the 
cost  of  opening  a  mine.  A  heavy  flow  of  water,  which  necessitates 
much  pumping,  is  also  a  source  of  expense.  For  this  reason,  ground 
should  be  opened  up  by  tunnels  which  are  deep  enough  to  dram  the 
channel  if  possible.    Running  and  sandy  ground  requires  closer  timber- 


GOIiD   PliACERS   OF    CALTFOnNIA.  49 

iiiLT  jiihI  ('xlrciiK'  \  inilaiicc.  Nests  of  l;ir<:v  Itonldrrs  hriiiL-  ii|)  tlic  cost 
of  tile  Jiiiniiijir.  as  tlioy  must  bo  bla^stod. 

AVlicrc  iUo  (h^posit  is  l)iirir(l  under  a  heavy  lava  flow,  drift  iiiiiiiii«r 
is  imperative.  Wliere  tlie  riel!  streak  is  ))uried  under  a  deep  ()Vor])nrden 
of  barren  material  tliis  method  is  often  advisable.  In  the  case  of 
frozen  ground,  as  in  Alaska,  drift  mininir  has  been  almost  universally 
employed  in  the  smaller  holdings.  During  the  winter  the  gravel  is 
taken  out  and  piled  on  the  dump  to  be  sluiced  later  with  the  spring 
thaw.  Steam  batteries  with  points  are  employed,  and  the  necessity  of 
timbering  is  obviated  by  the  frozen  nature  of  the  ground. 

In  the  following,  an  abstract  has  been  made  of  a  report  on  'Drift 
I\fining  in  California',  by  Rus.sell  L.  Dunn,  published  in  the  Eighth 
Annual  Report  of  the  State  ^Mineralogist  of  California.  In  part  quota- 
tions have  been  made  directly. 

Drift  mining  is  peculiarly  a  California  development,  originating 
from  the  conditions  of  location  of  these  deposits.  The  earlier  channels 
now  cut  by  the  modern  streams  are  usually  accessible  to  bedrock  tun- 
nels. The  ancient  river  system,  whose  buried  channels  are  auriferous, 
extended  from  what  is  now^  Butte  and  Plumas  counties  on  the  north 
to  Tuolumne  on  the  south,  and  from  the  eastern  edge  of  the  Sacramento 
Valley  almost  to  the  summit  of  the  sierras.  The  topography  of  the 
country  during  their  period  of  formation  can  not  now  be  restored  with 
more  than  probable  certainty.  Apparently  the  ancient  river  system  was 
similar  to  the  present  one  in  relative  location  and  direction  of  flow  of 
the  main  streams. 

The  ancient  streams,  judging  b.y  the  masses  of  gravel  in  their  channels 
probably  carried  larger  volumes  of  water  than  the  present  streams,  and 
the  mean  gradient  of  their  beds  was  considerably  more  than  that  of 
the  existing  streams  at  corresponding  points,  it  being  almost  certain 
that  the  elevation  of  the  Sierra  to  its  present  condition  and  altitude 
was  before  the  cretaceous  period.  The  general  surface  of  the  country 
was  not  as  rugged  as  now,  being  hilly  rather  than  mountainous.  The 
gold  in  the  channels  is  a  product  of  the  primary  disintegration  of  the 
auriferous  slates,  talcose  rocks,  and  quartz  veins.  The  erosive  agencies 
of  water  and  cold  were  probably  more  powerful  then  than  now. 
Le  Conte  says  that  a  period  of  glacial  erosion  was  prior  to  the  forma- 
tion of  the  channels,  and  was  the  greater  disintegrating  force. 

The  changes  in  the  location  of  the  channels  have  been  rnade  by  erup- 
tive agencies  and  their  filling  up  with  accumulations  of  gravel,  sand, 
and  clay.  This  covering  up  and  obliteration  of  the  surface  was  not  the 
result  of  one  season  of  eruptive  activity,  but  several,  separated  by 
enormous  intervals  of  time.  The  first  flows  probably  did  not  com- 
pletely divert  the  streams,  except  at  a  few  points,  but  merely  raised 
their  beds  and  changed  the  character  of  the  channel  deposits.  The 
period  of  inactivity  Avas  in  time  followed  by  another  period  of  eruption, 
and  in  its  turn  b.y  a  period  of  quiescence.  This  sequence  repeated 
several  times,  but  with  a  diminishing  power,  and  finalh-  ended  in  the 
complete  cessation  of  the  eruptive  energy.  These  latter  flows  consisted 
largely  of  volcanic  ash  and  volcanic  mud.  The  channels  and  surface 
depressions  generally,  and  some  of  the  lower  hill  elevations,  became  more 
and  more  obliterated  until  at  the  end  of  the  last  period  of  eruption  a 
completely  new  topography  was  forming,  the  beginning  of  the  present. 
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'r\\v  l<\ss(']iin<4'  iwou  to  llu'  soutli  covcfcd  by  tlic  successive  flows, 
nccomits  I'oi"  llic  iii-c;it(M"  oi'osion  of  the  eruptive  deposits  in  the  soutlierji 
pt)i"tioii,  ;iii(l  f'oi'  tlie  urenter  depth  jiiid  iiioi-e  mmier'oiis  str;it;i  ol'  tlio 
jiortheiii  portion.  Jt,  is  i)rol){il)h'  th;d  iiuiny  of  the  existing  river 
channels  are  i'rom  oi'i^'inal  ones  cut  deeper  into  the  country  roc^k,  the 
volcanic  flows  not  obliteratin<^^  them  at  all.  This  is  particularly  the  case 
in  the  lower  courses  of  the  larger  streams. 

"The  old  river  channels  now  are — a.s  the  result  of  the  eruptive  flows  first  flllinj?, 
tnon  denudation  by  glacial  and  stream  erosion — depressions  in  the  surface  of  the 
country  rock  tilled  with  riv(M-  sands,  gravels,  and  clays,  and  capped  with  lava,  volcanic 
ashes,  and  (ufa,  with  possibly  wash  gfravels  lying  between  the  volcanic  flows — the 
remains  of  stream  erosion  in  the  interval  between  th(>  flows.  The  depth  of  the 
gravels  on  the  bedrock  will  vary  between  limits  of  nothing  to  ?>00  feet;  the  depth 
of  the  volcanic  flows  and  other  gravel  deposits  from  nothing  to  1500  feet;  though  at 
no  two  points  would  exactly  the  same  deposits,  either  in  quality  or  relation,  be 
found.  The  following  data  from  the  shaft  of  the  Gray  Eagle  Drift  Mine,  Sec.  6, 
•P.  13  N.,  R.  10  E.,  M.  D.  M.,  near  Forest  Hill,  Placer  County,  is  typical,  and  well 
illustrates  the  phenomena  of  several  of  the  eruptive  periods  and  the  stream  flows  of 
the  intervals  between.  Beginning  at  the  surface,  in  sinking,  the  shaft  passed 
through — 

Red    soil    and    loam 10  feet 

Soft    gray    volcanic    ash 31  feet 

Hard  gray  lava,  containing  angular  fragments  of  slate HO  feet 

River   wash,    sand   and   gravel    in   alternate   strata,    ])rincipally   sand 34   feet 

River  wash,  gravel  and  sand  in  alternate  strata,  principally  gravel 30  feet 

Yellow  water  sediment,   pipe  clay 25  feet 

Ijoam,  fine  black  sediment,  containing  leaves,  logs,   etc 10  feet 

I..arge  boulders,  water  worn 10   feet 

Hard,    chocolate-colored    lava 60  feet 

River  wash,   gravel  and  sand 10   feet 

Hard,  chocolate-colored  lava,  containing  logs,  some  petrified 20  feet 

River  wash  gravel 7  feet 

Hard,    chocolate-colored    lava '. 25  feet 

"At  this  point  the  country  rock  is  struck  sloping  down,  showing  that  the  bottom  of 
the  channel  has  not  been  reached.     On  and  in  this  rock,  gold  was  found. 

"In  this  particular  case  there  are  four  distinct  lava  flows  determinable  and  four 
river  flows  in  substantially  the  same  channel.  Not  till  the  channel  became  full  by 
the  last  volcanic  flow  did  the  old  stream  take  an  entirely  different  location.  Com- 
paratively few  shafts  have  been  sunk  through  these  lava  flows,  the  mining  of  the 
auriferous  gravels  underneath  being  most  practicable  through  tunnels,  and  in  the 
sinking  of  the  shafts  but  little  attention  has  been  paid  to  keeping  a  record  of  the 
character  of  the  ground  passed  through.  However,  in  the  workings  of  some  of  the 
drift  mines  through  tunnels,  several  of  these  lava  flows  have  been  located  far 
underground,  not  superimposed  one  on  the  other,  but  filling  channels  that  have  been 
cut  through  and  crossed  older  channels  filled  with  older  lava  flows.  In  the  Bald 
Mountain  Mine,  at  Forest  City,  Sierra  County,  the  channel  being  nnined  was  crossed 
and  cut  through  by  another  channel  about  500  feet  wide.  This  latter  was  filled  at 
the  bottom  with  a  kind  of  volcanic  mud  and  contained  no  gold.  In  the  Mountain 
Gate  Mine,  at  Damascus,  Placer  County,  a  wide  white  quartz  channel  was  found  to 
be  cut  through  and  crossed  by  another  channel  over  500  feet  wide  and  60  feet  lower 
at  the  crossing.  This  lagt  channel,  unlike  that  in  the  Bald  Mountain  Mine,  contained 
auriferous  blue  gravel  (almost  exclusively  slate)  from  6  to  15  feet  in  depth,  directly 
overlaid  with  a  hard,  compact  lava.  In  the  Paragon  Mine,  at  Bath,  Placer  County, 
there  are  three  distinct  determinable  channels.  First,  the  lowest  and  original,  a  blue 
gravel  channel  lying  directly  on  the  country  rock.  Second,  an  upper  channel  150 
feet  above  the  first  in  an  elevation  and  having  the  same  general  line  of  flow.  Between 
the  two  are  alternate  layers  of  wash  gravel,  sand,  and  pipe  clay.  Third,  a  channel 
crossing  and  cutting  through  the  second,  but  not  down  to  the  first.  This  last  is  filled 
with  a  lava   flow. 

"Some  of  these  old  river  channels  are  filled  to  depths  of  several  hundred  feet  with 
gravel,  sand,  and  pipe  clay,  all  river  deposits,  which  extend  to  great  widths  and 
far  beyond  the  limits  of  the  lowest  channel  depression.  These  immense  accumula- 
tions of  gravel  and  other  detrital  matter,  in  a  less  degree  than  the  eruptive  flows, 
have  still  been  the  causes  of  changes  in  the  location  of  the  channels.  An  example 
of  this  kind  of  change,  which  is  more  than  usually  marked,  exists  in  the  channels 
in  the  vicinity  of  Forest  Hill,  Placer  County.  Four  miles  above  Forest  Hill  there 
is  only  one  channel  traceable  by  surface  indications  ;  a  mile  nearer  Forest  Hill  it 
seems' to  have  had  two  distinct  beds  and  locations.  One  of  these  runs  south  through 
the  Paragon  Mine,  in  which  it  has  been  followed  for  almost  8000  feet,  thence  cut  off 
and  eroded  away  for  over  a  mile  by  "Volcano  Canon,  it  reappears  as  the  extremely 
rich  front  channel  of  Forest  Hill,  having  there  a  southwesterly  course.  The  other, 
first  having  a  southw^esterly  course  till  it  is  a  mile  west  of  the  Paragon  channel, 
then  turns  south,  running  through  the  Mayflower  Mine,  in  which  it  has  been  followed 
for  about  2  500  feet,  and  keeping  the  same  general  direction  it  finally  joins  the 
other  about  a  mile  and  a  half  southwest  of  Forest  Hill.  It  seems  almost  impo.ssible 
that  both  of  these  should  have  been  made  at  the  same  time,  but  they  are  undoubt- 
edly the  work  of  the  same  stream,  though  the  points  of  parting  and  reuniting  have 
as  yet  not  been  found.  Their  common  origin  shows  itself  in  the  similar  character  of 
the  gravel  wash  in  both,  and  the  similar  character  and  yield  of  gold  ;  also  the  widths 


GOI.D    PI-ArKRS    OK    CAMKOHNM  51 

of  the  h«»ls  of  tho  i-hanncls  ar«-  i»ractiiMlIy  the  .sanu*.  and  tht*  t'levations  of  corres- 
ponding points  in  these  beds  in  agreement.  The  extn-nie  rise  of  th.-  surf.n-.-  of  the 
country  r«K?k  l>etween  the  two  ehann«-l  beds,  so  far  as  known,  except  at  a  few  points 
of  no  extent.   d«>es  not   appear   to  have  exc»*edfd    150   fe«-t. 

"The  theory  (an  opinion)  of  these  two  channels  is.  that  the  first  cut  out  hv  the 
stream  became,  in  the  end.  filled  with  gravels  and  other  water  de|»r»slts  until  the 
water  flow  was  forced  over  the  low  elevation  between  into  the  channel  of  a  tribu- 
tary, which  it  cut  out  and  made  into  the  main  channel  till  it  in  turn  became  filled 
with  gravels  and  detrital  matter  up  to  the  level  of  the  other.  From  this  time  on, 
the  location  of  the  channel  was  j^robably  not  permanently  fixed,  as  wash  gravel  of 
similar  character  is  deposited  all  over  the  country  rock  between  the  two  channels, 
and  all  contains  some  gold.  What  has  already  been  noted  as  the  .second,  or  upper 
channel,  in  the  Paragon  Mine  w;.s,  fr<im  its  imusal  richness  in  gold  for  gravel  so  far 
above  the  surface  of  the  country  rock,  the  probable  location  of  the  flow  for  a  long 
period  of  time,  lioth  channels,  the  country  roi'k  and  overlying  gravels  between,  are 
covered  with  200  feet  depth  of  lava,  on  which  is  another  deposit  of  wash  gravel  from 
20  to  50  feet  in  depth,  containing  some  gold,  and  over  this  a  second  lava  and 
volcanic  ash  flow  capped  with  the  surface  soil,  from   100   to   300   feet   in   depth." 

The  filling  in  and  covering  of  the  old  channel  depasits  was  not  uniform 
nor  was  the  subsequent  denudation.  The  portions  of  the  channels,  in 
which  were  the  largest  accumulation,  seem  to  have  been  liehtly  covered 
and  subsequently  eroded  .so  that  the  remains  of  these  larirer  deposits, 
where  they  have  not  been  obliterated,  are  now  in  the  form  of  gravel  hills, 
being  the  summits  of  the  ridges  between  the  present  river  canons. 

The  early  miners  worked  the  more  shallow  of  the.se  'hill  digirings', 
and  discovered  that  tlie  richest  gold-bearing  gravels  lay  immediately  on 
the  country  rock  and  followed  it  into  the  mountainside.  This  branch  of 
the  gold  mining  industry  soon  became  known  as  drift  mining. 

Before  discu.ssinir  the  details  of  methods  and  appliances,  the  condi- 
tions of  drift  mining  are  expressed  as  follows:  The  auriferous  placer 
deposit  is  river-washed  gravel,  most  often  lying  in  a  narrow  depression 
«)f  the  surface  of  the  country  rock,  overlaid  with  either  comparatively 
])arren  gravel  and  the  detritus  of  fresh  water  erosion  from  a  few  feet 
to  several  hundred  in  depth  or  witli  lava  and  volcanic  flows  to  as  much 
as  a  thousand  feet  in  depth,  or  with  both,  in  varying:  relative  propor- 
tions and  alternation,  depending  on  the  surface  denudation  durinir  tlie 
period  of  intermittent  eruptive  activity  and  since  its  close.  Reliable 
surface  indications  of  these  ancient  channel  depressions  are  practically 
limited  to  the  places  where  they  are  uncovered  by  erosion  or  cut  off 
or  into  by  the  present  precipitous  stream  caiions.  The  present  main 
river  caiions  have  cut  down  hundreds  of  feet  lower  than  these  old 
channels  in  all  but  a  few  localities. 

Experience  has  shown  that  of  all  the  eld  channels,  those  that  are  the 
oldest  and  that  are  invariably  on  the  bedrock  must  surely  contain  gold 
in  sufficient  amount  to  justify  prospecting  and  working.  Top  wash 
channels,  or  sometimes  a  stratum  of  gravel  in  the  channel  many  feet 
above  the  bedrock,  are  found  to  contain  sufficient  gold  to  make  drifting 
profitable,  but  such  instances  are  not  common.  Not  all  of  the  oldest 
channels  contain  pay  leads,  although  they  almost  invariably  contain  some 
gold.  The  pay  lead  in  these  channels  is  often  an  uncertain  quantity. 
It  takes  its  own  course  between  the  rims,  and  sometimes  on  them.  The 
pay  lead  is  usually  close  to  bedrock,  and  if  the  latter  is  soft  or  creviced, 
it  is  in  it.  Sometimes  the  pay  lead  is  the  full  width  of  the  channel 
More  often  it  is  only  a  comparatively  narrow  line,  meandering  through 
it,  first  abutting  on  one  rim,  then  on  the  other.  It  is  not  always  con- 
tinuous, being  broken  by  barren  places.  Great  variations  in  gold  yield 
will  occur  in  the  same  lead,  due  partly  to  the  currents  of  the  old  stream 
and  partly  to  the  fact  that  the  heavy  gold  has  not  been  moved  very  far 
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from  tlie  location  of  its  original  matrix.  Occasionally,  large  bodies  of 
pay  are  found  on  the  rims  at  a  considera])le  distance  from  the  bottom 
of  the  channel.  These  were  probably  the  deposits  on  the  old  channel 
beds  which  have  been  left  above  as  the  cut  became  deeper.  The  nature 
of  the  bedrock  Ix^ars  some  relation  to  the  gold  distribution.  A  soft 
slate  is  favorable,  the  gold  being  found  in  it  to  the  depth  of  a  foot  or 
more.  A  rock  full  of  seams  and  crevices  and  with  a  slightly  irregular 
surface  is  better  than  a  hard,  smooth,  water-worn  surface. 

In  prospecting  for  a  channel,  if  an  inlet,  or  an  outlet,  or  a  break  can 
be  found,  the  location  of  the  channel  is  not  difficidt.  The  principal 
difficulty  to  be  contended  with  is  the  determining  of  the  rise  of  the  rim 
above  the  channel  bed.  A  cross  rim  at  an  outlet  or  an  inlet  often  shows 
by  the  richness  of  the  gravel  on  it  that  it  was  originally  part  of  the  bed 
of  the  channel. 

Whether  the  point  of  opening  is  at  an  outlet  or  inlet  necessarily  has 
considerable  to  do  with  both  the  prospecting  and  final  opening  of  the 
mine.  An  outlet  is  naturally  the  most  favorable  point  from  which  to 
open  a  drift  mine.  Prospecting  from  an  outlet  requires  much  less 
work  to  obtain  the  necessary  information  on  w-hich  to  open  the  mine 
than  wdiere  the  prospecting  is  from  an  inlet.  The  proper  method  of 
prospecting  is  to  run  a  tunnel  through  the  rim  as  near  as  can  be  deter- 
mined in  the  direction  of  the  channel  and  far  enough  down  in  the  rim 
so  that  when  it  breaks  through  the  bedrock  it  will  be  in  the  bed  of  the 
channel.  When  prospecting  at  an  inlet,  the  tunnel  should  be  some  dis- 
tance under  the  bed.  There  is  always  a  possibility  that  the  prospect 
tunnel  may  be  loAver  than  the  channel  or  it  may  miss  in  direction  and 
run  off  to  one  side  in  the  rim  of  the  channel.  To  guard  against  possible 
mistakes,  it  is  advisable  to  make  an  upraise  from  the  tunnel  as  soon 
as  it  is  believed  to  be  through  the  rim. 

The  development  being  at  an  outlet,  the  channel  will  be  prospected 
and  worked  into  on  the  ascending  grade,  assuring  the  most  economical 
and  perfect  drainage  At  an  inlet  the  prospect  tunnel  must  be  run  rela- 
tively lowTr,  and  therefore  longer,  in  order  to  gain  on  the  descending 
grade  of  the  channel  The  channel  once  found,  it  must  be  followed 
further  and  its  grade  determined  with  all  possible  accuracy  before  open- 
ing the  mine  for  work.  In  the  case  of  a  breakout,  probably  the  surest 
method  of  prospecting  is  to  either  run  a  slope  on  the  pitch  of  the  rim 
or  to  sink  a  vertical  shaft  on  the  presumed  line  of  the  channel.  When 
the  bed  of  the  channel  is  located,  it  is  prospected  by  cross  and  lateral 
drifts  to  ascertain  the  width,  direction,  and  grade ;  and  the  location, 
extent,  and  character  of  the  pay  lead. 

The  principal  difficulty  to  be  contended  with  in  prospecting  is  the 
drainage  of  the  underground  water.  If  the  tunnel  be  too  high,  and 
it  is  necessary  to  sink  shafts  or  inclines  from  it  to  the  channel,  a  flow 
of  water,  which  may  greatly  increase  the  cost  of  handling  material  and 
which  may  even  render  it  impossible  to  get  to  the  bottom  of  the 
channel,  is  apt  to  be  encountered.  It  is  then  necessary  to  run  a  lower 
tunnel  to  secure  drainage. 

All  channels  have  not  outlets,  inlets,  or  breakouts  that  can  be  found 
and  identified  as  such.  In  the  case  of  a  channel  in  which  there  is  only 
a  thin  body  of  gravel  covered  by  many  hundred  feet  of  lava,  the  dis- 
covery of  exposed  gravel  is  a  very  difficult  matter.     Often  it  may  be 
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iiceossary  to  spend  much  money  in  ])rospeetin^'  to  detenniiK,'  the  loca- 
tion of  siieli  a  channel. 

It  is  only  since  the  origin  and  eliaraeter  of  the  ^'old-bearniff  deposits 
have  been  nnderstood  that  en«.nneerin<^^  science  to  locate  and  develoj) 
them  has  been  available.  At  first  its  application  was  quite  simple  in 
eharacter,  consistinjj:  of  obtaining]:  the  jj^rade  and  direction  of  a  channel 
deposit  already  developed.  By  this  means  a  point  of  probable  location 
in  its  projection  was  prospected  by  means  of  a  tunnel  or  shaft.  The 
Hidden  Treasure  I\line  in  Placer  County  was  determined  in  this 
manner. 

Ordinarily,  the  location  of  a  channel,  in  the  absence  of  surface  indi- 
cations, is  a  complex  problem  involving:  a  survey  and  engineering 
examination  of  a  lar^re  territory.  The  initial  step  is  an  accurate  topo- 
srraphical  survey  of  the  country.  This  consists,  first,  of  transit  lines 
following  the  line  of  contact  between  the  rim  rock  and  the  lava  or 
gravel,  as  the  case  may  be.  If  this  can  be  made  continuous  all  around 
the  presumed  channel*  so  much  the  better.  If,  as  is  usually  the  case, 
this  would  include  a  greater  area  of  country  than  is  necessary,  the 
transit  lines  follow  the  rim  lines  on  both  sides  of  the  ridge  and  are 
connected  by  cross  transit  lines;  also  connected  with  these  are  transit 
surveys  of  the  underground  works  in  adjacent  property.  All  of  these 
lines  are  leveled  and  a  plat  is  made. 

The  problem  of  the  location  of  the  channel  then  resolves  itself  to  the 
determination  of  the  lowest  point  of  depression  between  the  two  rims. 
If  the  distance  apart  of  the  rim  lines  is  not  too  great,  the  prospecting 
problem  is  simplified.  If  it  is,  the  problem  is  complicated  on  account  of 
the  possibility  of  there  being  two  or  three  channels  with  bedrock  ridges 
between. 

"In  projecting-  trial  locations  for  prospecting-  work,  the  work  in  adjacent  mines  is 
of  great  assistance  because  some  fair  degree  of  accuracy  can  be  used  in  determining 
the  rate  of  pitch  of  the  rims,  the  grade  of  the  channel,  its  relative  elevation  and 
approximate  direction.  With  these  data  trial  cross-sections  from  rim  to  rim  at 
several  points  can  be  projected  on  the  plat.  If  the  adjacent  workings  do  not  give 
data  that  can  be  utilized  for  this  purpose,  it  becomes  necessary  to  assume  a  mean 
rate  of  pitch  for  the  rims  and  a  grade  for  the  channels.  With  these,  trial  cro.ss- 
sections  are  constructed  as  before,  possibly  several  trial  values  being  tested,  till 
the  cross-sections  locate  the  several  possilale  points  of  channel  depression  with  a 
fair  degree  of  possible  relation  between  themselves.  Formulating  the  method  of 
determining  the  channel  point  in  a  cross-section  line,  the  rate  of  pitch  of  both  rims 
being  assumed  the  same,  it  is  as  follows :  First,  the  horizontal  distance  from  the 
surface  point  of  either  rim  to  the  channel  point  is  one-half  of  the  horizontal  distance 
from  the  first  point  to  the  point  of  intersection  of  the  horizontal  distance  line  lying 
in  the  Diane  of  the  cross-section,  with  the  bedrock  slope  line,  projected  if  necessary, 
of  the  other  rim  in  the  same  plane.  Second,  difference  of  elevation  between  either 
rim  point  and  the  channel  point  is  the  horizontal  distance  first  obtained  for  the 
same  rim  point  multiplied  by  the  tangent  of  the  angle  of  pitch  of  rim.  From  the 
plat  the  distance  between  the  two  rim  points  can  be  scaled  on  the  cross-section  line, 
also  the  difference  of  elevation  between  the  same  two  points  can  be  taken  from  the 
contours,  interpolations  being  made  if  needed,  as  it  is  not  necessary  to  place  them 
closer  than   twenty  feet  apart. 

"Except  in  probably  wide  channels  (two  hundred  feet  and  upwards)  no  attention 
need  be  paid  to  the  width  of  the  channel  bed  in  determining  the  elevation  of  channel 
points  from  the  trial  cross-sections.  In  practice  the  graphical  method  of  obtaining 
these  points  is  sufficiently  accurate,  and  has  the  advantage  of  rapidity.  With  the 
trial  channel  points  platted,  a  profile  of  the  presumed  bed  of  the  channel  can  be 
made,  using  the  absolute  elevations  obtained  from  the  rim  points,  and  its  probability 
determined.  Possibly,  several  sets  of  projections  and  profiles  have  to  be  made  before 
the  one  of  the  greatest  probability  is  determined  on.  From  the  platted  line  of  the 
presumed  location  of  the  channel  and  the  surface  contours,  the  most  available  line 
for  a  tunnel,  or  the  best  point  from  which  to  sink  a  shaft,  can  be  readily  located  ; 
also  the  approximate  length  of  the  one  or  the  depth  of  the  other  can  be  determined. 
The  subsequent  location  of  the  tunnel  line  or  shaft  point  on  the  ground  is  a  simple 
matter.  Except  under  exceptional  conditions,  the  tunnel  line  is  always  selected,  the 
point  of  entrance  on  the  surface  being  so  placed  that  when  the  tunnel  has  been  run 
with  a  light  ascending  grade  to  the  presumed  channel  line,  it  will  be  from  twenty  to 
forty  feet  below  the  bed  of  the  channel.  In  order  to  avoid  being  too  high  with  the 
tunnel,   it  is  advisable  to  run  it  so  as  to  come  at  least  twenty  feet  lower  than  the 
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trial  location  of  tlui  hvd  of  tho  (;haiiiiol.  This  additional  depth  is  utilizablo  for 
working  down  stroani.  To  jrivc  a  Ki*<-i<tor  asuranco  of  certainty  as  to  tho  oorroctness 
of  the  location  of  the  channel,  wlier(;  the  constiaict  ion  of  hni^'  and  costly  tunnels  is 
necessary,  it  is  recommended  that  Ijore  holes  be  drilled  to  the  bedrock  on  the  pre- 
sutned  line  of  the  cliaiinei.  ami  on  a  cross-Hection  line  close  to  wiiei'e  tlu;  tunnel  line  is 
located.  Their  (h'ptli  Ixin^;-  known,  the  shape  and  elevation  of  the  bedrock  can  be 
compared  with  the  ai)i)roximat  ions  and  estimates  ot  the  surveys  and  plat,  and 
inaccuracies  in  the  lo(^ation  of  the  channel  corrected.  After  the  mine  is  opened,  the 
bore  holes  can  be  used  for  ventilation.  Independent  of  any  elaborate  topographical 
stirveyinp:  (as  the  writer  is  advised),  a  numl)er  of  such  holes  were  drilled  on  a 
mininj?  claim  near  (libsonville,  in  Sierra  ("bounty,  and  the  location  of  the  channel 
line  determined.  Subsecjuent  development  by  a  tunnel  verified  the  correctness  of 
the    location. 

"The  writer  has  employed  this  method  of  enprineering-  detf^rmination  successfully 
in  a  number  of  instances.  It  was  also  applied  by  Ross  E.  Drown,  E.  M.,  to  locate 
the  up-stream  portion  of  the  cro.ss  blue-lead  channel  first  discovered  in  the  Mountain 
Gate  Mine  at  Damascus,  and  already  referred  to  in  this  article.  The  discovery  point 
was  a  mile  and  a  quarter  underground,  and  so  situated  that,  though  its  course, 
elevation,  and  grade  were  determined,  the  ])itch  of  the  rims  could  not  be.  A  mile  to 
the  northeast  the  north  line  of  contact  between  the  bedrock  and  cement  was  picked 
up,  traced,  and  surveyed  for  eight  miles  up  the  ridge  known  as  the  Forks  House 
Divide.  The  corresponding  south  line  of  contact  was  traced  and  surveyed  the  same 
distance,  the  two  lines  being  about  8000  feet  apart.  On  the  south  line  traces  of 
small  channels  and  one  important  one  in  the  Dam  claim  (probably  an  inlet  to  this 
channel)  opened  by  a  tunnel  for  several  thousand  feet,  all  being  evidently  inlets  of 
tributaries  to  the  Movmtain  Gate  channel,  were  found.  No  main  inlet  of  the  main 
channel  on  either  side  of  the  divide  was  discovered,  but  the  survey  connections  made 
from  the  underground  discovery  point  in  the  Mountain  Gate  Mine  with  the  under- 
ground works  of  the  Golden  Fleece  Mine,  five  miles  to  the  northeast,  indicated  that 
the  channel  in  the  latter  was  the  continuation  of  that  in  the  former.  The  problem 
was  to  locate  the  line  of  channel  in  the  intervening  country  between  these  two 
points.  These  underground  works  being  platted,  the  approximate  distance  by  the 
presumed  channel  line  between  the  two  points  was  obtained,  and  this,  with  the  differ- 
ence of  elevation,  gave  a  mean  trial  grade  from  which  the  approximate  elevation 
of  the  intermediate  points  could  be  determined.  The  location  of  these  points  between 
the  rims  was  determined  by  assuming  a  trial  degree  of  pitch  for  the  bedrock  of 
both  rims,  and  locating  them  accordingly.  A  check  on  the  value  given  to  the  pitch  of 
the  rims  was  had  in  the  comparison  of  the  figures  of  elevation  of  the  bed  of  the 
channel  in  the  same  cross-section  obtained,  respectively,  from  the  mean  trial  grade 
of  the  bed,  and  from  the  assumed  mean  pitch  of  the  rims.  The  closer  these  two 
figures  of  elevation  w^ere  to  each  other,  the  safer  was  the  projection.  In  addition 
to  the  preceding,  other  data  obtained  by  the  survey  coincided  in  locating  the  channel 
line  nearer  to  the  north  line  of  contact.  Finally,  a  satisfactory  projection  having 
been  made,  tlie  shortest  line  of  a  tunnel  was  located  from  the  north  face  of  the 
ridge,   the  entrance   being  in   a  sharp,   precipitous  ravine. 

"The  running  of  the  tunnel  showed  that  the  true  location  of  the  channel  line  had 
been  very  closely  approximated  to  at  that  point  by  the  trial  projection.  The  first 
upraise  made  at  the  2400-foot  station  broke  through  the  bedrock  directly  against  the 
cement,  about  40  feet  up.  The  tunnel,  was  then  continued  to  the  3450-foot  station, 
and  another  upraise  made.  This  last  disclosed  so  great  a  rise  in  the  bedrock  from 
the  first  upraise  that  a  third  upraise  was  made  at  the  2000-foot  station,  which  at 
15  feet  up  broke  through  the  bedrock  into  gravel  containing  gold  in  paying  quantities. 
This  point  was  on  the  north  edge  of  the  channel.  Further  development  located  the 
center  about  the  2100-foot  station.  The  success  of  this  work  led  to  the  application 
of  the  same  method  of  engineering  investigation  to  a  study  of  what  is  locally  known 
in  Placer  County  as  the  Forest  Hill  Divide. 

"Though  the  surveys  and  necessary  investigation  are  by  no  means  complete  yet, 
sufficient  has  already  been  established  to  prove  that  the  channel  just  described  as 
being  found  in  the  Mountain  Gate  and  Red  Point  mines  is  continuous  through  almost 
the  entire  length  of  the  Forest  Hill  Divide,  from  Hogs  Back,  ten  miles  northeast  of 
Damascus,  to  Peckham  Hill,  three  miles  southeast  of  Todds  Valley,  a  total  distance 
by  the  line  of  the  channel  of  about  thirty  miles.  On  this  channel,  in  addition  to 
the  already  noted  mines,  are  undoubtedly  the  Turkey  Hill  Mine  (now  closed),  the 
Paragon  at  Bath,  the  Dardanelles  below  Forest  Hill,  the  celebrated  Mayfiower,  two 
miles  north  of  that  tow^n,  and  the  Gray  Eagle  at  Spring  Garden,  two  miles  west  of 
Todds  Valley.  These  at  this  time  are  the  mines  producing ;  in  addition  are  many 
other  claims  in  a  more  or  less  undeveloped  condition,  and  some  practically  worked 
out  after  yielding  enormous  amounts  of  gold.  Among  the  undeveloped  or  partially 
developed  mines  are  the  Hogs  Back  Consolidated,  Indian  Springs,  Golden  Fleece, 
Adams  &  Sellier,  Georgia  Consolidated,  Baker  Divide,  Excelsior,  Mountain,  Spring 
Garden,  and  Big  Channel.  Among  those  that  have  yielded  largely,  but  that  are  not 
worked  to  any  extent,  are  the  Gove,  Maine,  Independent,  Rough  and  Ready,  Jenny 
Liind,  and  Mountain,  all  lying  under  the  town  of  Forest  Hill.  This  main  channel 
seems  to  have  had  many  tributaries,  all  rich  in  gold,  and  all,  so  far  as  determined, 
coming  in  from  the  east.  On  them  are  located  many  mines  that  have  yielded  large 
amounts  of  gold,  notably  those  above  Michigan  Bluff  and  on  the  Deadwood  Divide. 
At  the  present  time  the  Dam  Mine,  south  of  the  Red  Point,  is  the  most  important. 

"The  advantages  of  the  engineering  method  of  channel  location  over  the  uncertain 
haphazard  work  of  the  early  miners,  are  such  as  warant  its  application  in  every 
locality  where  drift  mining  is  carried  on,  and  further,  to  the  examination  of  all 
unprospected  ground  in  which  it  is  possible  for  an  auriferous  gravel  deposit  to 
exist.     By  Its  use  it  is  possible  to  determine  in  advance  of  doing  any  underground 

work  on  "the  claim :  .         ^  .,      ^     ■,     ^  .,.       , 

1    The  approximate  location  of  the  Ime  of  the  bed  of  the  channel. 
2.  The  approximate  elevation  of  the  bed  at  any  desired  point. 
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r?.  Tlio  liM^atinii  <if  iiili'ts.  outlclH,  or  brtak"utM.  and  a  reaHonable  certainty  of 
dlstinpTiilshins:  between  thorn. 

4.  If  InK't,  ovitlot,  or  breakout,  the  pr«»babl»»  It-n^th  of  rlni  to  b«'  run  through  and 
the   depth   at    whiih    it   must    b«*    jM^netrated. 

5.  If  no  inlet,  outbt.  or  breakout,  then  the  nearest  point  of  the  channel  line  to  the 
surface   for   tunnel    or   .shaft,   as    may    be   most   desirable. 

6.  The  determination  of  the  size  of  the  channel  and  the  probable  extent  of  Its  i)ay 
lead.  This  being  of  advantage  in  estimating  the  probability  of  yield  sufficient  to 
warrant   the  necessary  outlay  of  capital  in  development. 

7.  The  tunnt'l  or  shaft  can  be  so  located  as  to  have  the  shortest  possible  length 
or  depth  with  the  greatest  possible  eertainty  of  findiiiK  the  channel,  and  of  thereafter 
being   permanently    utilizable    for    working   the    mine. 

8.  The  preceding  make  it  possible  to  estimate  in  advance  the  i»robable  expenditure 
that  will  be  necessary  to  open  up  the  mine,  and  to  avoid  any  unnecessary  expendi- 
ture, thus  assuring  the  greatest  possible  economy  of  openingand  of  working. 

"The  entire  drift  mining  district  is  covered  with  the  evidences  of  failures  to  reach 
the  buried  gold-btaring  gravels.  Hundreds  of  tunnels,  slopes,  and  shafts,  abandoned 
after  the  expenditure  of  thousands  of  dollars,  are  silent  witnesses  to  the  inefficiency 
of  the  practice  of  the  early  miners  in  their  search  for  the  auriferous  gravel  deposits. 
In  one  example  coming  under  the  ob.«ervation  of  the  writer,  a  tunnel  was  run  800 
feet  into  the  bedrock  of  a  mountain,  the  tunnel  entrance  being  immediately  over  a 
small  channel,  when  an  engineer's  examination  would  have  shown,  first,  that  the 
location  of  the  channel  was  at  the  starting  point  ;  second,  that  in  the  line  of  the 
tunnel  there  was  no  channel  for  two  miles:  and  third,  that  the  cement  relied  on  as 
a  channel  indication  was  only  a  shell  ten  feet  or  so  in  thickness  lying  on  the  sloping 
bedrock,  the  great  mass  of  it  having  been  eroded  by  the  present  river  canon.  On 
the  same  channel,  containing  gold  only  in  sufficient  quantity  to  justify  development 
.on  a  small  scale  commensurate  with  its  probable  yield,  through  imperfect  knowledge 
of  it.  was  expended  in  the  aggregate  $150,000.  After  the  expenditure  of  the  larger 
portion  of  this  amount,  an  engineering  examination  disclosed,  what  it  could  equally 
well  have  done  before,  that  the  expenditure  of  only  a  fraction  of  that  amount  was 
warranted  by  the  probability  of  return  ;  and  with  reference  to  the  work  done,  that 
certainly  $60,000  of  expenditure  could  have  been  saved.  The  gold  yield  would  very 
nearly,   if  not  entirely,  have  balanced  the  other  $90,000  expended. 

"The  cost  of  an  engineering  examination  by  the  methods  described  varies, 
dependent  on  the  circumstances  of  the  particular  mining  claim  it  is  desired  to 
develop,  from  $500  to  $5,000.  sometimes  exceeding  the  latter  figure.  Under  ordinarv 
conditions  $1,000  is  a  safe  estimate  for  the  services  of  a  competent  engineer  and  the 
necessar>-  field  assistance.  So  interdependent  are  all  of  the  drift  mines,  that  the 
owners  of  adjacent  mines,  from  the  inspiration  of  self-interest,  should  not 
hesitate  to  render  all  assistance  in  their  power  to  this  kind  of  investigation.  The 
cost  of  running  a  tunnel  will  average,  under  all  conditions,  about  $12  a  foot,  so  that 
the  saving  of  80  feet  in  the  length  of  a  tunnel  will  balance  $1,000  of  expenditure 
for  an  engineering  investigation.  The  sinking  of  a  deep  shaft  will  average  upward 
of  $.30  a  foot — a  saving  of  33  feet  in  depth  will  balance  the  .same  $1,000.  Aside 
from  this,  the  certainty  that  the  first  tunnel  will  develop  the  ground,  and  be 
sufficiently  low  to  drain  it,  will  counterbalance  several  thousand  dollars  expense  of 
preliminary  investigation.  In  sinking  a  shaft,  the  knowledge  of  the  probable  depth 
carries  with  it  the  possibility  of  adjusting  from  the  start  the  hoisting  and  pumping 
plant  to  the  ultimate  possible  demands  that  may  be  made  on  it.  In  the  development 
of  a  mine,  in  the  knowledge  of  the  ^\Titer.  a  large  sum  was  expended  in  the  sink- 
ing of  prospect  shafts,  and  a  further  much  larger  amount,  unnecessarily,  in  a  main 
working  shaft,  by  reason  of  adding  piecemeal  to  the  hoisting  and  pumping  plant 
from  time  to  time,  as  the  demands  on  it  increased,  all  of  which,  in  the  aggregate, 
amounting  to  at  least  $10,000,  might  have  been  saved  by  the  expenditure  of  $500 
for  a  preliminary  engineering  investigation,  for  which  the  conditions  were  more  than 
ordinarily  favorable." 

Having  discovered  the  location  and  extent  of  the  mine  by  prospect- 
ing, and  the  probable  yield  of  its  pay  lead  having  been  estimated,  the 
question  of  casts  is  the  next  thing  for  discussion.  Cost  is  made  up  of 
the  following  items : 

1.  Prospecting,  which  includes  all  the  preliminary  work. 

2.  The  cost  of  opening  the  main  working  tunnel  or  shaft,  its  mainte- 
nance and  extension,  and  the  cost  of  all  working  appliances  and 
buildings. 

3.  The  cost  of  mining,  which  includes  the  cost  of  drifts  and  gang- 
ways, brea.sting  out  the  gravel,  conveying  it  to  the  surface,  timbering 
the  workings,  ventilating  and  draining. 

4.  The  cost  of  obtaining  the  gold  from  the  gravel  after  it  is  brought 
to  the  surface. 

The  first  two  of  these  items  may  be  called  the  construction  account, 
which  is  closed  when  the  mine  is  ready  to  produce.  The  last  two  items 
are  the  cost  of  mining  or  running  expenses. 
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Tlie  construction  account  sliould  a,t,'nrc«^ate  as  small  an  amount  as 
j)Ossil)lo,  consistent  with  the  i)ropcr  oi)enin^  of  the  mine.  For  the 
permanent  working  o])ening  of  the  mine  a  tunnel,  shaft,  or  slope  is 
necessary.  The  tunnel  is  the  most  advisable  construction,  where  possi- 
ble. It  should  be  run  so  as  to  be  under  the  bed  of  the  channel  at  the 
lowest  point  which  it  is  desi<j^ned  to  mine.  Working  up  stream  in  a 
(channel  with  a  uniform  grade,  this  main  tunnel  can  usually  be  run  on 
the  surface  of  the  bedrock.  Working  down  stream,  the  tunnel  is  run  in 
the  bedrock  underneath  or  in  the  rim  to  one  side;  of  the  channel.  In 
cases  where  an  adit  tunnel  is  necessary  to  reach  the  line  of  the  channel, 
its  direction  should  be  at  right  angles  to  the  presumed  line  until  it 
reaches  it,  whence  its  direction  and  grade  are  controlled  by  the  channel 
to  a  considerable  extent.  Grades  may  vary  from  one-fourth  of  an  inch 
to  a  rod  to  ten  inches  to  a  rod,  the  practice  being  determined  by  the 
character  of  the  track  rail,  the  weight  of  the  cars,  and  the  power 
employed  to  take  them  in  and  out  of  the  mine. 

Dimensions  of  the  tunnel  vary  greatly.  This  depends  altogether 
upon  the  conditions  w^hich  govern  the  mining  operation.  A  main 
working  tunnel  may  have  dimensions  of  eight  to  ten  feet  in  width  at 
the  bottom  and  seven  to  eight  feet  in  clear  height.  The  difference  in 
the  cost  of  timbering  between  a  large  tunnel  and  a  small  one  is  very 
little.  The  speed  with  w^hich  a  tunnel  can  be  run  and  its  cost  are 
dependent  ujjon  the  kind  of  rock  penetrated.  Closer  estimates  can  be 
made  on  the  cost  of  tunnels  run  by  machine  drill  than  those  run  by 
hand. 

The  final  charge  against  a  construction  account  is  for  the  surface 
plant  to  recover  the  gold.  Should  the  gravel  be  soft  and  uncemented, 
a  dump  with  sluices  and  a  water  supply,  under  a  small  head,  constitute 
the  plant.  Should  the  gravel  prove  hard  and  cemented,  it  may  be 
worked  in  the  stamp  batteries  of  a  quartz  mill.  The  gravel  dump  is 
usually  piled  near  the  tunnel  entrance.  It  consists  of  a  heavy  planked 
floor,  having  two  slopes,  one  from  the  sides  inward  to  a  sluice  box 
running  through  the  middle,  the  other  with  the  grade  of  the  sluice  box. 
This  flooring  should  be  sheathed  so  that  it  can  be  renewed  when  worn 
out.  From  the  edges  of  the  flooring,  w^alls  are  built  up,  the  area  of 
the  flooring  and  the  height  of  the  walls  being  regulated  by  the  desired 
capacity  of  the  dump.  For  mines  from  W'hich  large  amounts  of  gravel 
are  taken  daily,  a  discharging  arrangement  for  the  cars  at  the  dump 
is  of  great  advantage. 

The  sluice  boxes  beginning  in  the  dump  are  continued  beyond  it  a 
convenient  distance  and  discharge  into  the  ravine,  in  which  are  placed 
additional  boxes,  undercurrents,  and  tailing  dams,  all  designed  to 
recover  the  fine  gold  that  passes  the  initial  string  of  boxes.  The 
special  utility  of  the  dams  is  in  impounding  the  tailings  until  they  are 
slacked  sufficiently  to  free  the  gold  cemented  to  the  matrix.  The  boxes 
are  12  x  16,  or  24  inches  wide  aiid  of  equal  depth,  and  have  a  gi'ade  of 
10  to  18  inches  in  twelve  feet,  depending  upon  the  character  of  the 
values  and  the  amount  of  water  used.  The  bottoms  are  fitted  with 
riffle  bars  that  can  be  removed  and  reset  rapidly. 

The  water  supply  is  usually  provided  for  by  reservoiring  the  mine 
drainage,  as  w^ell  as  what  surface  drainage  is  available.  From  this 
reservoir,  an  iron  pipe  goes  to  the  lower  end  of  the  dump  and  is  con- 
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trollod  with  a  iifato.    The  nozzh^  for  sluicin«r  the  cluinp  is  eoniu'ctcd  witli 
this  pipe  l>y  canvas  liosc  for  the  purpose  of  flcxihility. 

The  openinir  and  \\orkin<^^  of  a  drift  mine  throii«^h  a  sliaft  is  oidy 
advisable  under  eonditions  whieh  make  a  tunnel  imi)raetieal)le.  It  may 
be  that  a  sluift  of  no  ^reat  depth,  eomparatively  eheap  and  rapid  of 
construetion,  is  possible  where  it  would  I'ctiuirc  a  very  eostly  tuniiol  1o 
reach  the  same  c:ravel  deposit. 

"Whore  the  mine  must  be  opened  by  a  shaft  It  Is  advisable  to  make  the  construc- 
tion thorough  and  permanent  from  the  beprinninpf.  The  shaft  point  being  located  by 
the  preliminary  engineering  investigation  and  prospecting,  tho  sinking  is  done,  as  far 
as  iiracticable.  with  horse  power  hoisting  gear,  the  influx  of  water  being  taken  out 
by  the  bucket  as  far  down  as  it  can  be  done  without  delaying  the  work  of  sinking. 
This  point  will  be  from  10  to  140  feet  in  depth  from  the  surface.  The  power  plant 
for  hoisting  and  pumping  is  then  set  up,  being  proi^ortioned,  so  far  as  hoisting  Is 
concerned,  to  lifting  the  gravel  from  the  estimated  depth  the  shaft  will  have  when 
completed,  and  for  pumping  the  probable  amount  of  water  that  may  be  encountered 
when  the  mine  is  fully  opened,  a  considerable  margin  of  safety  being  advisable  in 
providing  for  this,  so  that  there  will  be  no  straining  of  the  machinery.  An  addi- 
tional margin  of  power  is  provided  for  to  secure  ventilation.  Of  course,  wherever 
obtainable,  water  power  is  used,  being  far  more  economical.  Most  of  the  existing 
plants  are.  however,  steam,  the  shafts  being  on  the  summits  of  the  ridges,  where 
it   is   not   possible   to   get   the   necessary  pressure   for  use   of  water. 

"While  sinking  the  shaft  and  prospecting,  a  bucket  can  be  used  to  best  advantage, 
in  removing  excavated  material  ;  afterwards  in  mining  a  cage  on  which  a  car  can 
be  lifted  is  preferable,  as  it  saves  one  and  possibly  two  handlings  of  the  gravel. 
The  preferable  style  of  pump  is  the  Cornish,  both  in  sinking,  as  most  rapidly  adjust- 
able to  the  conditions  of  changing  depth,  and  afterwards  as  being  able  to  control 
an  increased  flow  by  increase  of  speed  alone,  and  as  having  less  liability  to  break- 
ages. The  influx  of  water  comes  from  the  several  gravel  or  diluvial  strata  passed 
through  in  sinking.  This  can  be  cut  off  from  the  bottom  of  the  shaft  by  sumps,  and 
pump  stations  placed  w-here  the  flow  is  cut  by  the  shaft.  The  shaft  should  be  built 
in  two  compartments,  one  for  the  hoist  and  the  other  for  the  pump  and  man-way. 
It  is  timbered  with  framed  square  timbers,  lagged  on  the  outside  and  boarded  on 
the  inside  in  the  hoisting  compartment.  The  size  in  the  clear  is  four  and  one-half  by 
nine  feet  or  five  by  ten  feet.  The  size  of  the  framed  timbers  is  eight,  ten,  twelve, 
or  fourteen  inches  square,  and  the  sets  are  placed  four,  five,  or  six  feet  between 
centers,  as  controlled  by  the  character  of  the  ground  passed  through.  The  lagging 
is  two  inches  thick.  In  lava  there  is  no  strain  on  the  shaft,  but  some  of  the  gravel 
and  sand  strata  cut  through  are  more  or  less  liable  to  loosen  and  some  of  the 
slightly  indurjrted  clays  are  apt  to  swell.  The  cost  of  sinking  a  shaft  can  be  safely 
estimated  for  the  first  fifty  feet.  $10  a  foot;  for  the  second  fifty  feet,  $20  to  $30  a 
foot ;  for  the  next  one  hundred  feet,  including  the  power,  hoisting,  and  pumping 
plant,  $50  to  $60  a  foot,  and  thence  up  to  four  hundred  feet  depth,  from  $60  to 
$75  a  foot. 

"Though  a  favorite  method  of  opening  a  mine  by  the  first  drift  miners,  a  slope  is 
the  least  advisable  now,  and  would  only  be  employed  under  special  conditions  of 
economy,  as.  for  example,  in  working  from  a  flat,  too  extensive  to  be  tunneled  under, 
to  a  channel  underneath  a  precipitous  mountain  slope,  which  would  involve  too  deep 
a  vertical  shaft ;  or  in  mining  from  an  inlet  where  neither  tunnel  nor  shaft  is 
practicable.  Usually  the  conditions  that  indicate  a  slope  as  the  most  direct  method 
of  opening  the  mine  can  be  better  satisfied  by  a  shaft  and  thence  a  tunnel  from  its 
bottom.  In  practice,  if  an  extensive  body  of  pay  gravel  is  developed  by  a  shaft  or 
slope,  a  tunnel  is  subsequentlv  run  to  mine  it.  This  was  done  in  the  Derbec  Mine, 
near  North  Bloomfield,  Nevada  County,  a  shaft  367  feet  deep  and  a  steam  power  plant 
being  replaced  by  a  2000-foot  tunnel.  Also  in  the  Mayflower  Mine,  at  Forest  Hill, 
a  tunnel  nearly  6000  feet  long  has  been  run  to  replace  the  shaft  through  which 
the  discovery  w^as  made.  At  the  present  time  no  drift  mine  in  the  state  is  being 
worked  through  a  shaft.  A  few  are  prospecting  through  shafts,  with  the  intention  of 
running  tunnels  if  a  sufficient  amount  of  pay  gravel  is  developed.  The  surface 
arrangements  for  working  the  gravel  after  it  comes  from  the  mine  are  the  same 
in   the   case   of  either   shaft   or   slope   as   already   described   for  a   tunnel. 

"The  preceding  pages  have  considered  the  dead  work  of  development  specially 
chargeable  to  construction  account.  With  its  completion  this  account  is  closed,  and 
all  subsequent  work  and  expenditure  is  a  charge  in  a  new  account :  the  running 
expense  of  working  the  mine.  The  expediency  of  the  expenditure  of  the  capital 
used  in  the  construction  account  must  be  determined  on  in  advance  from  the  results 
of  the  preliminary  engineering  investigation  and  prospecting.  Once  laid  out.  its 
return,  as  before  noted,  is  from  the  net  yield  of  the  mine  over  its  running  expenses. 
These  running  expenses  come  under  the  several  heads,  as  follows  : 

1.  Opening  up  the  channel  or  pay  lead  by  main  tunnel,  drifts,  and  gangways. 
Prospecting  for  pay  lead  when  it   is  lost. 

2.  Breaking  out  the  pay  gravel. 

3.  Timbering. 

4.  Drainage. 

5.  Ventilation. 

6.  Track,    switches,    upraises,    and    dumps    in    the    mine. 

7.  Cars  and  motive  power  for  moving  the   gravel   out   of  the  mine. 

8.  Working  the  gravel  after  being  taken  out  of  the  mine. 

"The  main  tunnel,  when  in  the  channel  and  pay  lead,  is  constructed  in  larger  dimen- 
sions and  more  carefully  than  the  drifts  and  gangways  only  intended  for  temporary 
service.     If  timbered,  the  best  timbers  are  used  and  the  work  of  setting  them  up  is 
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(lone  so  ns  not  to  rociiiirc  oarly  rcinoviil.  Tn  hard,  comontecl  giavil,  rtKiuiriiiK  blast- 
ing'. tlu>  drilling  is  siiiMrit'  or  (ionhli-handtd,  power  drills  not  bcinK  used.  In  wide 
channels,  as  a  precaution  aj^aiiist  ijossible  caving,  h  i)illar  of  solid  K'ound  is  left 
on  each  side  of  the  tunnel,  from  twenty  to  forty  feet  wide,  dependent  on  the 
stability  of  the  ground.  AN'hore  the  working  tunnel  is  in  the  bedrock  underneath, 
following:  the  lino  of  the  channel,  the  i)illar  need  not  be  left,  as  the  tunnel  in  the 
Kra\el  bt-conies  a  main  drift  for  only  temporary  use  in  mining  the  ground  l)etwoen 
its  connections  with  tlie  l)edrock  tunnel.  These  connections  are  made  every 
200  to  100  I'eet.  as  determiTH  (1  l)y  convenience  of  working.  The  main  tunnel  in  the 
gravel  on  the  l)odr()ck,  and  also  the  bedrock  tunnel,  are  sometimes  affected  by  the 
swelling  of  the  bedrock,  usually  upward  in  direction.  Under  such  circumstances 
very  heavy  timbering  is  advisable,  and  the  floor  of  the  tunnel  must  be  cut  down 
from  time  to  time  in  order  to  ke(>p  it  fiom  closing  up.  The  necessary  excavation 
can  be  done  without  interrupting  the  working  of  the  mine  or  the  use  of  the  tunnel, 
as  the  swelling  rock  is  always  soft  and  can  be  worked  out  without  using  powder. 
The  main  tunnel  is  kei)t  as  straight  as  i)ossible  and  in  the  center  or  lowest  depres- 
sion of  the  channel.  Drifts  are  run  from  it  at  right  angles  to  the  rims  of  the 
channel  or  the  limits  of  the  pay  lead.  These  are  timbered  and  lagged  in  soft  ground, 
but  in  not  as  permanent  a  manner  as  the  main  tunnel.  The  distance  apart  of  these 
drifts  is  not  governed  by  any  special  rule.  Both  the  main  tunnel  and  cross  drifts 
are  used  to  prospect  the  ground  and  locate  the  pay  gravel.  This  will  control  the 
distance  to  some  extent,  ])ut  not  absolutely.  In  the  pay  lead  the  distance  apart  is 
decided   so   as   to   secure   the   greatest   convenience   of   working. 

"In  the  Red  Point  and  Hidden  Treasure  mines,  in  which  the  pay  leads  are  very 
wide,  the  drifts  are  120  feet  apart.  In  wide  channels  these  drifts  are  connected 
by  gangways  parallel  to  the  main  tunnel,  the  practice  in  their  number  and 
distance  apart  l^eing  equally  flexible.  In  the  Ked  Point  Mine  they  are  run  65  feet 
apart,  thus  blocking  out  the  ground  to  be  mined  into  rectangles  120  feet  by  65  feet. 
In  the  Bald  Mountain  Mine,  at  Forest  City,  the  practice  was  to  run  both  the  drifts 
and  gangway  SO  feet  apart,  leaving  a  pillar  of  40  feet  to  protect  the  main  tunnel. 
In  the  Hidden  Treasure  Mine  only  one  gangway  is  run,  connecting  the  ends  of  the 
drifts  at  the  extreme  limits  of  the  pay  lead  as  determined  by  the  prospecting  of 
the  gravel  from  the  drifts.  This  difference  in  practice  is  accountable  for  by  the 
difference  between  the  character  of  the  mining  ground  in  the  several  mines.  In  the 
Red  Point  it  is  hard  and  compact,  and  the  openings,  except  in  the  breasts,  require 
no  timbering;  the  gravel,  however,  is  not  regular  in  the  amount  of  the  gold  it 
contains,  and  closer  prospecting  is  advisable  to  cut  out  ground  too  poor  to  i)ay  for 
mining.  In  the  Hidden  Treasure  the  gravel  is  soft,  the  bedrock  swells,  and  every 
opening  requires  timbering  to  protect  it  ;  therefore  only  absolutely  essential  openings 
are  made  for  working,  the  gravel  being  so  uniform  in  gold  yield  that  special  close 
prospecting  is  not  needed.  The  Bald  Mountain  gravel  was  soft  and  as  regular  in 
yield  as  in  the  Hidden  Treasure.  The  smaller  blocks  were  doubtless  made  to 
facilitate  the  convenience  of  working,  only  four  and  one-half  feet  of  depth  of  ground 
being  taken  out.  The  cost  of  a  main  tunnel  in  the  gravel  drifts  and  gangways 
naturally  has  a  considerable  range  as  between  different  mines,  but  is  practically 
constant  in  the  same  mine.  In  hard,  compact  gravel,  requiring  blasting,  the  cost 
of  main  tunnel,  six  by  seven  feet,  will  be  from  $4  to  $7  a  foot;  of  drifts  and  gang- 
ways five  bv  six  feet  or  six  by  six  feet,  from  $3  to  $5  a  foot.  In  gravel  not  as 
difficult  to  drill  as  the  preceding,  but  still  requiring  blasting,  $3  to  $4  for  main  tunnel, 
and  $1.75  to  $3  for  drifts  and  gangways.  In  soft  gravel,  requiring  timbering,  the 
figures  are  about  the  same  as  those  last  given,  the  greater  penetrability  bemg  offset 
by  the  expense  of  timbering.  In  some  mines,  particularly  w^here  pay  gravel  on  the 
high  rock  of  the  rims  is  being  prospected  for,  the  drift  for  this  purpose  is  run  as 
wide  as  sixteen  feet  and  as  low  as  four  feet  in  height,  in  order  to  cover  as  much 
ground  as  possible,  and  move  as  little  waste.  This  method  is.  however,  unsystematic, 
and  not  to  be  recommended  for  large  mining  operations. 

"In  connection  with  the  opening  of  the  mine  and  mining  properly  belongs  the 
consideration  of  the  utility  of  trained  engineering  skill  to  drift  mining.  Already  in 
this  connection,  with  the  preliminary  work  of  location  of  the  development  works, 
has  been  shown  the  value  of  this  skill.  In  connection  with  the  permanent  opening 
and  subsequent  working  it  is  of  equal  service  and  valu?^.  Every  drift  mine  should 
have  an  accurate  w^orking  map,  on  a  scale  of  twenty  or  forty  feet  to  an  inch, 
of  its  underground  workings  and  their  connections  with  the  surface.  On  this 
map  should  be  shown  the  tunnels,  shafts,  gangways,  rims  of  the  channel,  and 
blocks  of  ground  cut  out  for  breaking  down;  also  the  location  of  air  and  water 
pipes  and  connections.  On  it  can  also  be  placed  the  figures  of  the  estimated  yield  of 
the  different  blocks  of  unbroken  ground,  as  determined  from  the  prospecting  and 
the  figures  of  actual  vield  after  working.  The  ground  worked  out  from  week  to 
w^eek  can  be  marked  on  the  plat  by  shading.  A  map  so  made  is  of  great  service  in 
directing  the  main  tunnel  and  prospecting  drifts  in  advance  of  the  ground  being 
mined  out,  and  in  making  air  and  working  connections.  To  facilitate  the  surveying, 
the  underground  foreman  should  set  points  at  all  angles  and  intersections  m  tunnels, 
drifts,  and  gangwavs.  These  are  best  set  overhead  in  the  roof,  as  less  likely  to  be 
disturbed  bv  the  mhiing  operators.  A  wooden  plug  is  first  firmly  driven  in  a  short 
drill   or   gad   hole,    into   this   a   ring   or   hook   from   which   a  plumb   or   lamp  can   be 

suspended.  .       ,    .  ,  .,  r.    -,    •     j,         * 

"The  breaking  out  of  the  gravel,  the  mine  being  opened  as  described,  is  done  from 
the  faces  of  the  gangwavs,  or  if  there  be  none,  from  the  faces  of  the  drifts  or  main 
tunnel.  In  the  Hidden  Treasure  Mine  the  side  of  the  gangway  toward  the  mam 
tunnel  is  the  working  breast,  and  is  broken  down  by  the  miners  working  the  whole 
length  of  it  at  once  to  a  distance  of  eight  feet  from  the  gangway.  A  new  set  of 
posts,  parallel  to  the  gangway,  with  caps  and  top  lagging,  is  put  in,  timbering  up 
the  ground  to  the  face.  The  track  is  then  moved  from  the  gangway  close  up  to  the 
breast  and  more  ground  broken  out  as  described.  Not  all  of  the  gravel  is  taken  out 
of  the'  mine,  but  only  the  fine,  the  boulders  being  piled  back  on  the  ground  from 
Which  the  track  has  been  moved.      A  block  is  thus  worked  up  to  the  line  of  the  pillar 
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tliirt.N  f«r(  I'li'in  till'  limiicl.  'I'lu-  k'^iv''!  iM-iiiK  solt,  ii<i  iiowrlci-  is  iisimI.  l''r<Mii  (nii' 
to  t\\(»  l'«'t't  of  soft  lirdrock  ;iii(l  tlirci-  to  lour  f<'<t  of  tho  nr;i\ii  :irr  rniiird  out.  Thi- 
lui'tlioil  (Ifsi'filu'd  was  also  used  in  tlir  Jiild  Mouiilaiji  Mirir,  .umI.  in  fact,  is 
<'mi)lo>od  in  all  the  lar^f,  s.\s(«niatic;illy  ojxiatc'd  imIjhs.  w  hcrt*  Hk-  Ki'av<l  is  liroki-n 
out  witliout  i>o\\(ltr.  and  wlu-rt*  tin-  iK-drock  is  soft  and  of  (-((niparat  ivdy  rvi-ii 
surface.  In  mines  vvliere  thr  Ki"ivel  is  liard,  and  lias  lo  be  broken  out  witb  i)o\vder. 
there  is  no  special  care  taken  to  keep  the  breast  faced  ui)  even,  it  bein^  most 
ee(»n<»mically  broken  down  by  workiuR  from  the  corners  of  the  blocks.  The 
drifts  and  K;niprways  are  kept  open  and  the  track  is  not  chaiiKed,  but  the  broken 
out  gravel  is  shoveled  out  from  the  breast  to  the  ears  after  separating  the  large 
boulders.  To  make  the  shoveling  easier  temporary  plank  floors  are  put  in.  Jn 
ground  with  hard  bedrock  of  very  iiregular  surface  the  track  is  not  moved  up 
to  the  working  face,  but  the  gravel  is  shoveled  out  to  it.  as  already  described. 
In  narrow  channels,  where  the  cross  drifts  are  not  connected  by  gaiigw.iys,  the 
sides  of  the  drifts  and  main  tunnel,  preferably  the  former,  are  made  the  working 
breasts,   and   the   ground   l^roken   out   from    them. 

"A  method  in  common  use  among  many  of  the  miners  for  working  their  ground, 
even  where  the  pay  lead  is  (luite  wide,  is  to  mine  its  entire  width  in  one  seinicircnlar 
or  curved  breast  without  running  a.  main  tunnel  ahead  or  cross  drifts  from  it.  The 
unsystematic  and  unnecessarily  costly  character  of  this  method  is  evident.  There 
is  no  opiu)rtunity  to  protect  tiio  ground  in  advance  of  working  it,  and  there  are  no 
reserves  to  keep  up  the  output  while  exploring  through  a  barren  jjortion  of  the  lead. 
Timbering  can  not  be  done  sytematically  ;  the  main  tunni-l  in  which  the  track  runs  is 
not  permanently  protected  against  caves.  If  the  ground  is  hard  there  is  great 
waste  of  labor  in  drilling  and  of  powder  in  breaking.  The  method  is  to  be  con- 
demned  under  any   conditions. 

"In  blasting  gravel  in  a  drift  mine  the  object  is  not  only  to  get  the  full  effect 
of  the  powder  in  the  amount  of  gravel  thrown  down,  but  to  pulverize  it  as  com- 
)»letely  as  ]n)ssible  so  as  to  free,  in  a  measure,  the  gold.  The  best  ))ractice  is  to 
drill  deej)  holes  three  to  five  feet,  chamber  them,  and  then  ]tut  all  of  the  powder  in  the 
bottom  of  tlie  liole.  tamping  it  in  tigiit.  Kxperience  will  determine  the  prop<r  load  for 
the  holes  to  jjroduce  the  best  results.  A  slow  burning  powder  is  preferable,  pro- 
l)ortioned  to  the  tightness  of  the  ground.  The  usual  strength  u.sed  is  from  ;50  per 
cent    to   40    per   cent   nitroglycerine. 

•"The  output  of  gravel  from  a  drift  mine  is  measured  by  carloads ;  the  size  of 
the  car  is  not,  however,  uniform,  so  a  comparison  must  take  this  difference  into 
account.  The  cost  of  breaking  out  the  gravel  independent  of  the  expenses  of  handling 
it  afterward,  or  those  connected  with  the  opening  of  the  drifts  and  gangways,  tim- 
bering, and  track,  is  controlled  by  the  hardness  of  the  gravel,  expense  for  i)owder  and 
candles,  and  the  rate  of  miners'  wages.  The  tabulated  figures  will  show  the  cost 
in  several  mines,  and  furnish   fair  comparative  data  for  estimating : 


^ 

>- 

n 

1-3 

M 

n 

<^ 

^§ 

•3  5 

_  = 

^  Ei 

o 

c 

a>  B. 

"  d. 

—  15 

~.   c: 

S5    '^ 

Name  of  mine 

•  2 

"H.  §■ 

^    =• 

3? 

?§3 

"C 

1 

1 
1 
1 

1 
1 

in" 

1    n 

(A 

1 

2§- 

1 

i  § 

1     u 

1     * 

a. 
1 

1 
1 

o 

I>ardanelles   

«0  02 

$0  40 

1.50 

1.30 

1.9-> 

$3  00 

$2  55 

$1  95 

Paragon    

oil 



1.31 

2.C0 

2.70 

3  00 

2  25 

1  12^ 

Red   Point       

Olh 
01 

25 

2.70 
4.30 

J. 00 
1.00 

2.70 
4.. 30 

3  00 
3  00 

1  27| 
71 

1  27i 

Hidden   Treasure   

71 

Manzanita    

013 

4.30 

1.40 

6.S2 

2  50 

52 

37 

"The  Dardanelles  gravel  is  hard,  but  it  is  worked  in  the  curved  form  of  breast 
condemned  above.  The  Paragon  gravel  is  soft,  but  worked  out  in  an  irregular 
manner  only  slightly  improved  over  the  preceding!  The  Red  Point  gravel  is  as  hard 
as  that  in  the  Dardanelles,  but  the  systematic  method  of  mining  employed  makes  it 
cost  considerably  less  per  ton.  The  Hidden  Treasure  and  Manzanita  gravels  are 
soft,  but  completely  unlike,  the  first  named  having  a  white  quartz  gravel,  and  the 
last  a  fine  quartz  gravel,  with  a  large  amount  of  sand  and  no  waste  to  speak  of. 
If  the  surface  of  bedrock  is  hard  and  left  unbroken  on  brea.sting  out  the  gravel,  it 
is  cleaned  thoroughly,  the  crevices  and  surface  being  scraped  with  a  special  tool 
to  remove  every  particle  of  gold,  before  the  boulder  waste  is  thrown  back  on  it. 
One,  or  at  the  most,  two  men  can  clean  the  bedrock  of  a  large  niine  as  fast  as  it  can 
be    uncovered    by    the    breast    miners. 

"The  timbers  used  in  a  drift  mine  are  obtained  from  the  surface  of  the  claim  or 
from  timber  land  near  at  hand.  They  are  usually  cut  by  contract  and  delivered  at 
so  much  apiece — 8.  10,  12  and  15  cents,  dependent  on  the  size,  and  the  distance  they 
have  to  be  hauled  for  delivery.  The  posts,  caps,  and  sills  are  cut  from  cedar,  sugar 
or  yellow  pine,  or  spruce,  and  are  relatively  valuable  in  the  order  given.  They  are 
rough  cut  in  length  from  6  to  8  feet,  or  more  or  less  if  so  required,  and  from  8  inches 
to  14  inches  square,  rough  hewn  or  split,  or,  particularly  in  the  larger  sizes,  left 
in  their  natural  shape  with  only  the  bark  removed.  The  lagging  is  split  from  the 
.c'.ame  varieties  of  wood,  one  and  a  half  to  two  and  a  half  by  six  inches  by  six  feet. 
It  is  cut  by  contract  at  so  much  per  thousand — $8  to  $12.  Both  timbers  and  lagging 
are  allowed  to  dry  and  season  where  cut  out  of  the  trees.  Before  being  taken  into 
the  mine  they  are  dressed  and  cut  by  the  carpenter  for  the  special  purpose  for 
which  they  are  to  be  used.  The  carpenter  also  prepares  large  numbers  of  wedges, 
which   are   used  to   brace   the   timbers   into  position. 


60  CAT.IFORNIA    STATE    MININCJ    BTJRKAU. 

"The  flifformt  timbirmon  in  tlio  mines  ♦acli  lias  his  peculiar  niothod  of  framing: 
tlio  tunnel  sets  of  timbers,  and  all  seem  equally  efficient.  In  placing  a  set  in  position, 
seats  are  cut  in  the  floor  for  the  posts  to  rest  in,  sills  being  rarely  used.  'J'he  cap 
is  mortised  at  the  ends  into  which  the  toji  of  the  posts  fit.  These  sets  are  placed 
from  three  to  six  fvv\  between  centers,  dependent  on  the  solidity  of  the  ground  they 
suj)port.  The  lagging  is  driven  in  Ix'hind  the  limbers  and  tfjwards  the  face.  If  not 
I)erfectly  solid  in  plax-e,  wedges  are  driv(;n  in,  always  pointing  towards  the  face. 
The  size  of  the  tunnel  timbers  and  the  inclination  of  the  posts  from  the  vertical 
depend  on  the  ground,  the  size  of  the  tunnel,  and  desired  permanence  of  the  work. 
The  Bald  Mountain  tunnel  was  in  soft  gi-ound  ;  round  timbers  twelve  to  sixteen 
inches  in  diameter  were  used  ;  the  sets  placed  four  feet  between  centers,  and  the 
inward  inclinatit)n  of  the  i)osts,  two  feet  nine  inches  in  a  rise  of  six  feet  six  inches, 
the  tunnel  being  nine  feet,  three  and  one-half  feet,  and  six  and  one-half  feet  clear 
dimensions.  The  usual  sized  timber  employed  is  eight  to  ten  inches  in  diameter,  and 
the  inclination  of  posts,  one  foot  three  inches  to  six  feet  six  inches.  In  the  cross 
drifts  lighter  posts  are  used,  but  the  sets  are  framed  and  the  construction  similar  to 
the  main  tunnel,  except  that  only  the  top  is  lagged,  unless  the  ground  should  be  very 
soft  and  sliding.  In  the  working  gangways  the  posts  are  set  vertical  and  the 
mortised  end  of  the  cap  only  covers  half  the  top  of  the  post,  so  that  as  subsequently 
other  parts  are  set  up  in  breaking  out  the  ground  as  described,  the  same  post  will 
support  the  end  of  a  second  cap.  Only  the  top  is  lagged.  In  breaking  out  the 
ground  the  timbering  is  similar  in  kind  and  construction  to  that  in  the  gangways. 
In  hard  ground  that  is  broken  out  by  blasting  comparatively  little  or  no  timbering 
is  necessary.  As  a  rule  only  posts  are  used,  with  or  without  caps,  the  latter  not 
necessarily  supported  by  more  than  one  post.  The  caps  are  secured  in  place  by 
wedges  driven  towards  the  working  face  to  prevent  the  roof  starting,  and  as  a 
protection  to  the  post  during  blasting.  The  actual  cost  of  setting  up  timbers  and 
lagging  in  working  ground  of  a  mine  can  not  readily  be  segregated  from  the  cost  of 
breaking  out  the  gravel,  as  it  is  not  usually  done  by  a  special  force,  but  by  the 
miners  themselves  under  the  direction  of  the  underground   foreman, 

"Drainage  may  or  may  not  be  a  most  important  item  of  expense  in  working  a 
drift  mine.  It  is  practically  nothing,  where  the  mine  is  w'orked  on  an  ascending 
grade  tlirough  a  tunnel.  If  it  has  to  be  lifted,  some  of  the  various  pumping  devices 
are  used.  For  a  shaft,  the  Cornish  pump  has  already  been  referred  to  and  com- 
mended. For  making  short  lifts,  less  than  twenty  feet  in  the  altitudes  at  which 
most  of  the  drift  mines  are  located,  a  siphon  can  sometimes  be  employed,  and 
requires  but  little  attention.  Underground,  direct  acting  steam  pumps  are  usually 
employed,  the  steam  being  brought  from  the  surface,  necessarily  with  a  loss  of 
power  dependent  on  the  distance.  In  the  Mayflower  Mine,  at  Forest  Hill,  Placer 
County,  while  worked  through  the  shaft,  six  pumps  w'ere  employed  underground, 
some  of  them  2000  feet  from  the  boiler  supplying  the  steam.  In  addition  to  the 
great  expense  involved,  it  made  a  most  unsafe  plant,  for  the  breaking  down  of  one 
of  the  pumps  destroyed  the  efficiency  of  all  beyond  it  in  lower  levels  of  the  mine. 
Sometimes  water   power   is  available   for  direct   use   underground. 

"In  the  Mountain  Gate  Mine,  at  Damascus,  Placer  County,  the  main  bedrock 
tunnel  is  40  feet  lower  than  the  channel  being  mined,  at  the  point  where  it  is  cut  off 
by  the  deeper  blue  lead  channel.  The  channel  descending  inward  to  this  point,  all 
its  drainage,  about  forty  inches,  was  collected  at  the  inner  end  and  utilized  to  run 
a  forty-foot  overshot  water  wheel,  which  gave  power  to  pump  and  hoist  from  the 
cross  channel  sixty  feet  lower. 

"In  the  Turkey  Hill  Mine,  near  Michigan  Bluff,  water  was  brought  in  through  the 
air  shaft,  300  feet  deep,  falling  on  an  overshot  water  w^heel,  and  furnishing  power 
to  pump  the  water  from  the  deep  working  to  the  level  of  the  main  tunnel,  whence  it 
reached  the  tunnel  entrance  by  natural  flow.  In  this  instance  only  a  fraction  of 
the  effective  power  of  the  water  was  utilized,  as  it  w-as  allowed  to  fall  free  in  the 
shaft  Another  device  that  can  be  used  efficiently  if  water  power  under  high  pressure 
can  he  had  is  an  arrangement  on  the  principle  of  the  hydraulic  elevator  and 
Bunsen  pump  by  which  the  water  powder  is  used  directly  to  obtain  a  suction  and 
elevating  force  The  cost  of  putting  in  the  plant  for  the  water  power  devices  is  not 
very  large  and  they  can  be  operated  cheaply,  the  last  described  at  only  the  cost  of 
the  water  'for  power,  as  it  requires,  once  started,  no  attention  whatever.  The  water 
nower  numps  require  more  or  less  repairing  and  examination  to  keep  working  well. 
The  first  cost  of  steam  pumps  and  their  connections  and  the  expense  of  operatmg  are 
a  heavy  charge  on  the  gravel  mined.  Their  employment  is  condemned  except  for 
very  rich  ground  that  can  be  drained  by  no  other  means." 

Ventilation  of  drift  mines  is  important.  With  only  one  opening,  the 
ventilation  is  by  a  fan  at  the  tunnel  entrance  forcing  fresh  air  to  the 
working  face  by  a  pipe  line  or  withdrawing  the  vitiated  air  by  the 
same  means.  If  w^ater  power  is  available  the  blower  can  be  driven  by 
it  at  little  expense.  Air  shafts  and  drifts  are  constructed  at  minimum 
cost  for  ventilation. 

The  main  tunnel  and  drifts  all  have  track  laid  in  them  and  switches 
are  placed  at  all  junctions  and  intersections.  In  the  main  tunnel  the 
track  is  permanently  laid.  In  the  drifts  and  gangways  it  is  removed 
as  soon  as  the  ground  is  worked  out  and  relaid  elsewhere.  Light  rail 
is  sometimes  used  and  sometimes  strap-iron  spiked  on  wooden  stringers. 
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Cars  vary  jj^rciitly  in  diiiH'iisions,  sIkijx'.  iii,*i1('fi;il.  (lisc}inr<^0'  J<''Jn',  and 
capacity.  In  small  mines  tiic  cnrs  jut  moved  l»y  li;ind  ;  in  larp^cr  ones 
hy  ,1  horse  or  locomotive. 

"Tho  In'alTD.iit  of  tlie  prnx el  ((.  ol.t.ii?!  tin-  ^r<>l<l  is  citlior  J).v  washing'  it  from  the 
dump  ihroiiKli  tlu>  .vhijci's,  or,  should  it  l)e  cemt'iited,  crushing  it  in  the  stamp  Ijutterles 
of  a  (piartz  mill.  Tii*'  washing:  plant  has  already  been  described.  In  small  mines 
where  not  over  one  hundred  carloads  u  day  are  taken  out,  the  washing  is  done  by 
the  superintentlent  or  the  foreman.  In  larger  mines  there  are  one  or  two  men 
steadily    employed    at    the   washing   and   cleaning   up    of    the   sluices.      The   latter    Is 

done   in   sections,    the    upper   boxes   certainly   once   or   twice   a   day    in   some   mines 

those  further  away  from  the  dump  less  frequently.  The  tailings  are  not  allowed 
to  escape  at  once,  but  are  caught  in  brush  and  log  dams,  and  allowed  to  accumulate 
and  slack  for  several  months,  when  they  are  rewashed.  The  common  practice  in  the 
mines  is  to  sell  them  outiight  for  a  lump  sum  to  Chinese  or  others,  who  take  the 
chances  on  getting  back  their  cost  and  the  expense  of  washing.  The  cost  of  washing 
per  carload  is  from  1^  cents  (with  large  amounts  of  gravel  and  free  water)  to 
3  cents.  In  milling  gravel  the  batteries  are  best  fed  by  automatic  machine  feeders. 
Hand  labor  is  necessary,  however,  to  separate  large  cobbles,  which  can  be  partially 
screened  out  by  a  grizzly.  The  cost  of  milling  gravel  per  ton  in  the  Paragon  Mine, 
with  steam  power  mill,  is  $0.35  a  ton.  At  the  Dardanelles,  the  cost  with  steam 
power,  five-stamp  mill,  is  $0.33  a  ton.  With  water  power  mill  the  cost  of  milling 
the  same  gravel   (exclusive  of  the  cost  of  the  water)    would  be  $0.20  a  ton. 

"The  specialized  duties  in  which  labor  is  employed  in  a  drift  mine,  the  ratios 
between  the  amount  of  labor  in  these  several  capacities,  and  its  cost,  are  seldom 
exactly  the  same  in  any  two  mines.  The  figures  for  three  mines  are  given  here, 
and  will  furnish  a  fair  basis  from  which  to  make  estimates  for  projected  work: 


Dardanelles  Paragon 


Number 


Wages,     \   Kj,,_,K„_        Wages, 
per  day       ^"'"^^'^    ;   per  day 


Red  Point 


Number    [   i'^fee^' 
per  day 


Foreman  '         1  $3  50  1        I       |3  50  1         

Shift  bosses  2  3  00! | 2  $3  00 

Breasters,  white  24  3  00  17  3  00  9  3(0 

Breasters,    Chinese  9  i  75 

Tunnel  men 2  3  00  2        

Drift  men,  white 3  3  00 

Carmen,  inside,  white 

Carmen,   inside,   Chinese 6  1  50 

Carmen,  outside 1  3  00  1  2  50   .._ 

Drivers 2        '  3  00 

Blacksmith    ;         1  300;         1  300  1  3.^ 

Blacksmith  helpers  I ' 1  3  C'O 

Carpenters  i I ' 3  4  00 

Surface  men,  white 1  2  50  | 1  3  00 

Surface  men,   Chinese '' I 4  1  "j 

Engineers    2  3  50  '         1        '         3  50  2  3  .W 

Battery  feeders 2  2  50  2  3  00   


Totals    34       I ;       25       ' i       46 


In  the  Dardanelles  the  full  force  possible  is  working  in  two  shifts.  The  force 
can  be  doubled  in  the  Paragon,  the  present  force  only  working  days.  At  the  Red 
Point,  with  sufficient  water  for  washing,  a  hundred  additional  men  could  be  employed 
in  breakmg  out  ground  already  opened  by  drifts  and  gangways,  The  Hidden 
Treasure  Mine  employs  from  100  to  175  men  in  all  capacities,  the  larger  proportion 
in  breasting  out  gravel.  In  the  Bald  Mountain  Mine  as  high  as  250  men  have  been 
employed  at  one  time  in  all  capacities.  In  the  running  expense  of  a  drift  mine,  the 
cost  of  labor  is  by  far  the  largest  item,  the  proportion,  as  compared  with  all  other 
expenses,  being  nearly  uniform  in  all  of  the  mines.  For  the  Hidden  Treasure  Mine 
the  ratio  for  four  months  of  1888.  taken  at  random  from  the  books,  is:  For  wages, 
78  per  cent;  all  other  expenses,  22  per  cent.  For  the  same  mine  for  the  eleven  j-ears 
from  1877  to  1887,  inclusive,  the  ratio  was  7S  per  cent,  and  other  expenses  22 
per   cent. 

"The  considerations  that  should  govern  the  developments  of  a  drift  mine  and 
the  most  successful  practical  working  of  it,  summarized  from  the  preceding  pages, 
are  the  following :  The  development  or  opening  of  the  mine  should  be  done  in  the 
manner  that  will  make  the  subsequent  mining  of  the  ground — that  is,  the  running 
expense  per  unit  (carload  or  ton)  of  gravel — the  cheapest.  This  means,  drift  mining 
ground  not  being  uniform  in  gold  yield,  that  the  greatest  amount  and  area  of  ground 
can  then  be  mined  at  a  profit  over  running  expenses,  and  that  more  thorough  pros- 
pecting that  is  not  dead  work  can  be  done.  This  points,  not  to  the  lowest  possible 
construction  account  necessarily,  but  to  that  which  will  in  the  running  expense 
of  the  opened  mine  make  all  the  several  items  take  their  minimum  value,  and  permit 
of  the  largest  proportion  of  the  total  of  all  of  them  being  expended  in  the  actual 
mining  or  breaking  out  of  the  pay  gravel.     It  is  from  this  last  consideration  that  the 
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timin'l  is  the  best  form  of  opening,  for  through  it  can  be  reduced  to  llieir  minimum 
vjihie  thi'  st'voral  items  of  drainaKe,  \  «'iililati()ii,  :ind  mrtvinpr  of  gravel  to  the  surface. 
••'JMu'  ixaUl  yifhl  of  th(>  gravel  is  cstiinatcd  al  so  nmch  per  carload,  but  the" 
differences  in  capacity  of  the  cars  used  in  different  mines  makes  direct  comparison 
unpossil)le.  I-'or  ccnivenienci-  it  is  desiralde  to  adopt  as  a  unit  the  ton  of  2000 
pounds.  The  minimum  limit  of  yield  which  it  will  j)ay  to  mine,  or  rather  the 
mininuun  of  the  running  exi)en.se  of  mining  (for  it  will  pay  to  mine  gravel  which 
will  just  meet  tliis  expense,  as  increasing  the  probability  of  discovery  of  richer 
ground),  has  a  wide  range  as  between  tlie  different  mines.  Probably  the  lowest  paying 
gravel  and  the  cheapest  mining  is  that  of  the  Hidden  Treasure  Mine.  From  Febru- 
ary   '21,    1888,    to  June    30,    1888 — 108    working  day.s — the   ligures  arc: 

Perload, 
one  ton  ^^tal 

Gold  yield  - - $1.2347  $39,821  r>3 

Wages    .7202  23,528  00 

Contracts .1077  3,404  78 

Expense,  material,  etc .0957  3,080  94 

Total  expense  $C.923G       $30,079  72 

Profit $0.3111         $9,741  81 

Number  of  days'  labor.  11. 1(14. no.    Number  of  carloads  gravel,  32,252. 
For  the  devon  years,  1877  to  1887,  inclusive: 

Receipts. 

fJold  yield  $«;79..')2.'?  27 

Receipts  from  other  sources ___       19,176  m 

Total  $808,009  43 

Expenditures. 

Wages   $490,297  G4 

All  other  expenses 1.37,064  35 

Dividends    268,092  00 

"The  cost  per  carload  ($0.9236)  is  exceptionally  low,  as  under  ordinarily  favorable 
conditions  $1.50  to  $1.75  a  carload  is  as  low  a  figure  as  can  be  anticipated,  and  in 
most   of   the   mines   the   cost   is   from    $2    to    $3." 

Ill  the  above  abstract  from  IMr.  Dunn's  report,  it  has  been  necessary 
on  account  of  space  limitations  to  omit  much  material  of  value,  princi- 
pally data  referring  to  costs  at  several  of  the  drift  mines  which  were 
operating'  thirty-five  years  ago,  when  the  article  was  written.  Costs 
have  since  changed  materially,  but  the  relative  proportion  and  weight 
of  labor  and  material  costs  is  about  the  same.  For  this  rea.son  the  same 
factor  of  increase  may  be  applied  in  estimating  probable  costs  at  the 
present  day. 

Methods  of  drift  mining  have  not  changed  materially  except  in  the 
application  of  modern  mining  machinery  to  tunnel  driving.  In  the 
recovery  of  gold  from  the  gravels,  perhaps  the  only  important  change 
has  been  the  adaptation  of  mills  of  the  Price,  and  Krogh  type  to  the 
moderateh^  cemented  gravels.  Stamp  milling  is  no  longer  in  general 
use,  unless  the  gravel  is  exceedingly  tightly  cemented.  Mills  of  this 
type  (the  Price,  and  Krogh  type)  consist  of  a  revolving  hexagonal  or 
octagonal  barrel  of  about  five  feet  inside  diameter,  and  length  varying 
from  six  to  ten  feet.  The  walls  of  this  revolving  trommel  or  screen  are 
perforated,  usually  with  slots  of  sufficient  mesh  to  allow  the  fine  material 
to  escape,  the  boulders  and  pebbles  in  the  gravel  itself  acting  as  a  crush- 
ing medium  until  they  are  discharged.  This  mill  is  usually  mounted  on 
trunnions  in  such  a  way  that  if  driven  by  water  power  through  a  belt, 
the  water  used  on  the  Pelton  wheel  is  discharged  into  the  mill  to  ser^^e  as 
washwater. 
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In  (gravel  whicli  is  not  too  lij^litly  ceiiHMitcMl,  tins  type  of  uiill  ^ives 
oxeelleiit  results  and  a  very  eoinplete  separation  of  the  ^old  from  the 
gravel  without  the  necessity  of  crushinj^  the  entire  mass  and  conse- 
quently at  a  much  lower  cost  than  the  old-fashioned  stamp  mill. 

MECHANICAL   HANDLING. 

In  many  localities  irre,G:ular  distribution  and  dei)tli  of  the  ^'rav(;ls, 
the  inaccessibilty  of  water,  character  and  type  of  bedrock,  or  the  remote- 
ness from  transportation  make  necessary  a  departure  from  standard 
mining  practices,  and  the  adaptation  of  mecTianical  means  for  handling 
gravel  in  smaller  units  than  tliose  hitherto  discussed. 

There  are  innumerable  methods  which  have  been  devised  and  are 
still  being  devised,  but  in  general  it  may  be  stated  that  gravel  which 
is  handled  by  small  mechanical  units  must  of  necessity  be  much  higher 
grade  than  that  which  is  capable  of  being  handled  in  large  volume  by 
standard  dredge  or  liydraulic  methods. 

The  first  method  discussed  will  be  that  of  handling  gravel  by  elevator 
or  mechanical  conveyor.  Attempts  have  been  made  from  time  to  time 
to  overcome  the  lack  of  sufficient  dump  in  certain  gravel  deposits  by 
means  of  mechanical  elevators  of  the  stacker  or  belt  type.  These 
machines  have  been  expensive  in  their  first  cost,  erection,  maintenance, 
and  operation.  They  have  never  been,  so  far  as  known,  a  financial 
success.  However,  inasmuch  as  no  serious  mechanical  problems  are 
involved,  it  seems  reasonable  that  a  successful  machine  of  this  type 
might  possibly  be  designed,  constructed,  and  operated.  It  should  be 
lighter  than  most  of  the  attempts  made  to  date,  and  consequently  more 
easily  moved.  •  -  "^^  '" 

The  most  elaborate  example  of  this  type  that  has  been  constructed  in 
California  is  the  plant  of  the  Tarr  iNIining  Company  at  Smartsville. 
The  gravel  was  hydraulicked  to  a  sump  where  it  was  lifted  by  a  bucket 
ladder,  containing  fifty -two  7-foot  buckets,  to  a  trommel  where  it  was 
screened.  The  undersize  went  to  the  riffles  and  the  oversize  to  a  belt 
conveyor  570  feet  long.  At  the  end  of  the  convej^or  two  Bleichert 
tramways  w^ere  constructed  to  provide  a  larger  dump  for  the  tailings. 
This  plant  proved  a  failure,  due  largelj^  to  the  cemented  character  of 
the  gravel  and  the  complicated  nature  of  the  machine,  which  required 
very  much  power  to  run. 

At  Beauceville,  Canada,  a  mechanical  elevator  was  erected  by  the  New 
York  Engineering  Company  at  a  cost  of  $25,000.  Its  lifting  height  w^as 
50  feet  from  the  bottom  of  the  sump  to  the  top  of  the  bucket-line.  It 
was  equipped  with  150  h.p.,  of  which  the  bucket-line  of  3 J  cubic  ft. 
close-connected  buckets  consumed  50  h.p. ;  the  remaining  100  being  used 
to  operate  a  14-incli  centrifugal  pump.  Its  capacity  was  2000  cubic  yards 
daily.  Cost  per  yard  was  about  12  cents.  The  failure  of  this  plant  was 
due  to  the  high  cost  of  operation  and  the  low^  grade  of  the  gravel. 

Steam  shovels  of  various  types  have  been  used  in  the  mechanical 
handling  of  gravels.  "Where  there  is  insufficient  water  for  hydraulick- 
ing  and  where  the  gravel  is  more  or  less  cemented,  attempts  to  work 
ground  by  this  method  have  been  frequent  but  without  any  great 
measure  of  success. 

As  a  digging  machine,  the  steam  shovel  is  very  effiicient,  but  its  failure 
in  gravel  mining  has  been  largely  due  to  its  lack  of  mobility  and  to  the 
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rac-i  tlial  its  action  is  JMlci-iniltciiJ  ;  lliat  is,  it  diiinps  its  loads  suddenly, 
and  \ho,  sluiccis  are  in  (•onseciucncc!  alternately  over-l)urd(;ii(!d  and  over- 
flooded.  This  method  of  eharj^inj^-  sluiees  is  eondueive  to  loss  of  fine 
gold.  J)ifficnlty  has  always  been  experienced  in  keeping  the  sluices  up 
to  the  working  face  of  the  machine.  In  tlic  old  type  of  machine  wliicli 
laid  its  own  track  the  shovel  had  all  the  disadvantages  of  the;  dredge 
in  that  its  heavier  parts  were  very  cumbersome,  ilecently,  however,  a 
type  of  shovel  has  l)een  devised  wliich  runs  on  a  cater])illar  track,  and 
it  seems  that  this  type  is  far  better  adapted  to  placer  mining  than  any 
shovel  hitherto  devised,  because  of  its  greater  flexibility. 

In  connection  with  this  development  of  the  steam  shovel,  the  power- 
driven  belt-conveyor  has  recently  been  used.     On  gravel  in  compara- 


Photo  No.  15. 


Yukon  Gold  Company's  Mechanical  Elevator,  Dawson, 
Yukon  Territory. 


tively  accessible  districts,  which  runs  20  cents  per  yard  or  better,  there 
is  a  possibility  of  using  this  type  of  machine  which  is  well  worth  looking 
into.  At  the  present  time  a  company  is  operating  low-dump  gravels  in 
the  bed  of  the  Calaveras  River  by  this  method.  The  caterpillar  steam 
shovel,  with  its  radius  of  action,  due  to  the  quickness  with  which  it  can 
be  moved,  will  cut  and  deliver  gravel  of  this  type  at  great  speed,  and 
wdth  a  five  or  six  foot  conveyor-belt  to  carry  the  material  up  to  a  hopper 
at  the  head  of  elevated  sluice  boxes,  it  is  possible  to  handle  this  type  of 
gravel  much  more  cheaply  than  formerly. 

Many  types  of  drag-scrapers  have  been  used  for  the  handling  of  gold- 
bearing  gravel.  In  Alaska  on  Twin  Creek  the  writer  has  seen  frozen 
ground  handled  by  this  means  at  a  cost  not  to  exceed  50  cents  a  yard. 
A  central  steam  power  plant,  operated  by  burning  wood,  Avas  set  in  such 
a  way  that  the  drag-  scoop,  traveling  the  full  length  of  the  cut,  would 
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(hiiiip  into  a  car  wliidi  was  lioislcd  |u  a  liopjMM-  al  llic  licad  of  llio 
sluices.     Tlu'  sluices  lujd  been  raised  lo  ifive  ample  duiiij). 

So  many  improvements  have  recently  heeii  mad<'  in  draf^-line  sci'apcrs 
that  they  are  now  very  ellicient  dijj^ginu:  machines  in  loose  «iround.  A 
drajr-line  scraper  at  Cape  (iirardeau,  in  Missouri,  several  years  aj^o  dn«,' 
a  canal  200  ft.  wide  and  1?()  ft.  deej)  in  this  type  of  material  at  a  ('ost  of 
5  cents  per  cubic  yard.  Jt  was  e(iuipi)ed  with  a  6-cubic-yaJvl  bucket 
and  had  a  capacity  of  4000  cubic  yards  in  24  hours. 

Other  types  of  excavators  used  in  handlinfj^  gravel,  such  as  the 
Hadsell,  which  operates  from  a  central  tower,  and  another  unnamed 
type,  which  operates  with  -variable-speed  motors,  have  been  successful. 
In  this  latter  type  a  slow-speed  mo1x)r  is  used  for  digging  at  the  moment 
that  the  scra])ei'  takes  its  charge,  and  a  faster  motor  is  used  to  convey 
it  to  the  towel'  where  it  dumps  its  burden  into  the  sluices. 


Photo  Xo.  16.     Drag  Scraper  near  Fairbanks,  Alaska. 

Simple  derricks  with  clam-sliell  or  orange-peel  buckets  have  often 
been  used  for  this  type  of  work,  but  the  gravel  has  to  be  very  high-grade 
to  justif}^  the  expense  of  this  sort  of  operation. 

Various  mechanical  contraptions  with  the  name  of  dry-land  dredgers 
have  been  built  and  experimented  with  at  different  times.  These  nsually 
consist  of  some  form  of  bucket  elevator  mounted  on  wheels,  and  in  many 
parts  of  our  State  still  stand  as  monuments  to  the  practical  incapacity 
of  their  inventors. 

The  use  of  the  centrifugal  pump  in  handling  gravel  has  already  been 
commented  upon,  but  there  are  certain  areas  of  gravel  still  available 
along  the  Sierra  foothills  in  regions  which  were  once  the  deltas  of  the 
Cretaceous  and  Tertiary  river  systems,  which  are  capable  of  being 
handled  by  this  method.  Where  the  foothills  are  low  and  rolling  and 
reservoirs  can  readily  be  installed,  it  is  possible  to  increase  the  head  in 
tlie  operations  of  giants  supplied  by  these  reservoirs  by  stepping  a  cen- 
trifugal pump  into  the  line,  provided  the  power  costs  are  not  too  expen- 
sive.   Prol)ably  gravel  Avould  have  to  run  at  least  25  cents  a  yard  to  allow 
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any  profit  at  all  hy  this  means  of  workinj^.  The  use  oi"  centrifugal 
pumps  as  elevators  for  gravel  has  already  been  discussed  under  the  head 
of  dredging. 

GROUND   SLUICING    METHODS. 

The  original  and  sim])]est  form  of  mining  was  hy  means  of  the  pan 
and  the  rocker.  From  tlic;  d(;vclopment  of  the  rocker  or  cradle  came 
the  longtom,  which  was  a  sort  of  end-shake  sluice  which  permitted  the 
handling  of  more  material  than  the  rocker.  After  this  came  the  develop- 
ment of  the  fixed  sluice. 

There  exist  deposits  where  whole  areas  of  -rolling  ground  are  covered 
with  a  thin  film  of  varying  depths,  which  at  times  feathers  out  to  bed- 
rock, and  upon  which  water  can  be  brought  but  not  under  pressure. 
AVhen  the  intervening  gulches  have  sufficient  grade  for  sluicing  and 
disposal  of  the  tailings,  ground  sluicing  is  the  proper  method.  This 
method  of  mining  has  perhaps  produced  more  of  the  world's  gold  than 
any  other.  During  the  early  days  in  California,  when  gold  production 
was  at  its  maximum,  by  far  the  larger  proportion  of  the  gold  was  won 
by  this  method.  In  viewing  the  ancient  Spanish  workings  in  Colombia, 
in  Peru,  and  in  Bolivia,  one  can  not  fail  to  be  impressed  by  the  enor- 
mous amount  of  material  that  has  been  mined  by  this  means. 

The  method  consists  of  bringing  the  ditch  to  a  point  on  the  edge  of 
the  bank  to  be  worked  and  allowing  the  water  to  cascade  over  the  work- 
ing face.  The  work  of  the  water  is  assisted  by  the  use  of  picks  and 
shovels,  and  the  larger  boulders  close  to  bedrock  are  worked  around, 
if  they  can  not  be  moved.  The  duty  of  water  in  this  method  is  naturally 
low.  For  example,  in  a  mine  of  this  type  in  Colombia,  135  miner's 
inches,  running  over  a  10-foot  bank  gave  a  duty  of  only  50  cu])ie  yards 
per  day. 

What  is  known  as  booming  or  flooding  is  an  alteration  of  ground  sluic- 
ing methods,  wdiich  is  adaptable  under  certain  conditions.  Where  the 
gravel  is  readily  cut  and  does  not  .attain  a  depth  of  over  50  feet  and 
has  a  preferable  average  depth  of  10  to  15  feet,  this  method  is  practi- 
cable provided  that  the  slope  of  the  bedrock  is  at  least  7  inches  to 
the  rod. 

A  reservoir  is  Iniilt  above  the  deposit  in  which  a  self -dumping,  or 
self-opening  gate  is  placed.  This  gate  is  so  arranged,  generally  with  an 
overflow^  box,  that  when  the  water  rises  to  a  certain  height  in  the 
reservoir  the  gate  opens  and  empties  the  reservoir  with  a  rush,  after 
which  it  automatically  closes.  The  water  pouring  down  the  gulch 
carries  away  immense  quantities  of  material  until  it  loses  its  velocity, 
and  by  this  means  a  large  amount  of  the  top  gravel  is  readily  stripped, 
leaving  the  bottom  pa^rt,  with  the  bedrock  to  be  worked  off  by  ordinary 
ground  sluicing  methods. 

Where  the  gold  is  fine  and  generally  deposited  through  the  gravel, 
this  method  is  not  advisable,  but  where  the  gold  is  coarse  and  concen- 
trated in  a  shallow  streak  or  near  bedrock,  this  is  often  an  economical 
method  of  working. 
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DRY    WASHING. 

TluM'o  arc  niiiny  j>;irls  oi"  Calil'ornia  in  wliicli  tlic  jjoId-lM'aririfr  ^n-avols 
are  inat'cessible  to  water  in  any  (piantity.  As  these  ^'ravels  often  i-un  as 
liigh  as  $1  a  yard  and  in  some  cases  better  than  this,  all  sorts  of  methods 
of  handlinc:  them  without  the  use  of  water  liave  ])een  tried. 

To  the  writer's  knowledire,  no  al>sohitely  dry  process  has  ever  ])een 
successful  in  handling  tliis  type  of  gravel,  with  the  exception  of  a 
Mexican  hand  bellows  or  dry-washing  machine. 

The  deposits  are  usually  shallow,  more  or  less  cemented,  and  their 
gold  contents  are  very  uneveidy  distributed.  Probal)ly  the  best-known 
absolutely  dry  process  is  what  is  known  as  the  Stebbins-Quinner 
machine.  In  most  cases  the  gravel  is  first  pulverized  and  screened,  and 
the  fine  material  is  run  over  the  Stebbins  tables,  which  use  air  as  a 
medium  of  concentration  instead  of  water.  The  wi'iter  has  yet  to  learn 
tliat  any  machine  using  air  as  a  means  of  concentration  will  j)rove 
successful  in  handling  gravel.  Very  often  lal)oratory  tests  will  show 
encouraging  results,  but  it  is  f(mnd  in  practice  that  the  so-called  dry 
material  is  never  absolutely  dry  but  contains  enough  moisture  to 
agglomerate  on  the  canvas,  thus  interfering  with  proper  ccmcent ration. 

The  hand  machine  of  the  ^Mexican,  which  has  been  used  extensively  in 
southern  California  and  in  Arizona,  is  an  exception  to  the  general  rule 
regarding  air  separation  machines,  for  the  reason  that  it  is  portable, 
and  the  extremely  spotted  nature  of  most  of  the  dry  placers  results  in 
local  concentrations,  which  for  small  widths  and  in  quantities  of  two  or 
three  yards  at  a  time  will  often  pay  fair  day  wages.  Again  the.  writer 
wishes  to  state  with  particular  force  that  air  separation  processes,  when 
applied  on  any  large  scale,  have  invariably  resulted  in  total  and  absolute 
failure.  Two  conspicuous  monuments  to  this  failure  still  stand  in  the 
California  desert ;  one  at  Goler,  and  the  other  at  Coolgardie.  Limited 
capacity  and  imperfect  separation  are  the  main  reasons.  Other 
machines  of  this  cliaracter  are  so  cumbrous  that  the}'  lose  the  chief 
advantage  of  the  hand  machine,  which  is  its  ability  to  be  transported 
from  one  spot  or  concentration  of  gold  to  another  as  soon  as  the  pay 
has  been  worked  out. 

Where  a  limited  amount  of  water  is  available,  however,  it  is  quite 
possible  and  feasible  to  work  these  dry  placers,  provided  the  ground  is 
rich  enough.  The  most  successful  method  of  handling  this  material  that 
has  come  to  the  w-riter's  attention  is  one  which  was  tried  out  in  the 
Randsburg  district  some  time  ago.  It  consists  in  the  use  of  a  very  little 
water  and  the  constant  saving  and  return  of  the  same  for  re-washing. 
In  this  method  a  sluice  about  7  ft.  long  and  14  in.  wide  is  given  a  head 
motion  by  an  eccentric  and  is  driven  by  a  two-horsepower  engine.  The 
sluice  has  a  false  bottom  with  holes  immediately  behind  the  riffles, 
which  are  of  the  Hungarian  type.  The  material  is  wheeled  and  shoveled 
in  after  the  boulders  have  been  screened  out.  The  water  carries  out  the 
fines  on  about  a  12-inch  grade  into  a  wheelbarrow  which  stands  over  a 
pit.  The  wheelbarrow  is  punched  full  of  holes  and  the  water  is  drained 
into  the  pit  from  it.  It  is  then  pumped  back  by  a  centrifugal  pump, 
which  is  run  by  the  same  gas  engine  from  a  countershaft  through  the 
false  bottom,  where  it  jets  up  behind  the  riffles  to  perform  its  service  in 
carrying  the  material  through  the  sluice  again.  The  only  loss  of  water 
is  through  evaporation  and  absorption.    The  riffles  are  always  kept  open 
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I).v  the   iipliftini:  jets  oi*  water,  and   tlic  conceiitratini,'  motion  of  the 
occcJitrii'  head  makes  a  very  cftVctivc  yi^. 

Another  machine  wliieh  is  used  in  localities  where  thei'e  is  vci'v  little 
water  has  been  developed  by  Mr.  J.  B.  GiflV'ii,  of  Sacramento'!  The 
machine  consists  of  either  a  shaking'  or  stationary  lioppcr  and  water 
feed  under  i)ressure  in  the  hoi)])cr,  a.  shakinj,^  table  with  a  side  motion, 
set  at  a  pitch  averaoin^r  about  'A  inches  to  the  foot,  and  a  type  of  riffle 
known  as  the  (JifiPcn  ririhe.  Tlu;  inventor  claims  that  near  Manhattan, 
Nevada,  he  could  wash  40  yards  of  dry  gravel  with  a  suj)ply  of  9  gallons 
of  water  per  minute,  for  6  hours  a  day,  the  consumi)tion  being  80 
gallons  per  yard.  ]^y  the  use  of  a  tronnnel,  the  amount  of  gravel 
w^ashed  is  materially  increased.  The  dirt  is  fed  into  the  hopper  by  an 
elevator.  As  the  dirt  dumps  and  spreads  out,  it  is  met  by  the  w^ater 
discharge,  which  thus  gives  a  fair  -w^ashing  before  the  gravel  reaches 


Photo  No.  17. 


View  of  Giffen  Placer  Machine.     Taken  when  washing  24  yards 
per  hour,  at  Rocklin,  Cal. 


the  table.  The  upper  18  inches  of  the  table  has  another  riffle,  thus 
allowing  the  dirt  to  spread  and  cross  the  table  in  a  thin  wide  stream, 
which  causes  a  very  fair  degree  of  concentration  to  occur  before  the 
first  riffle  is  reached.  Four  sections  of  riffle  each  16  inches  long  were 
used,  although  it  w^as  only  necessary  to  clean  the  upper  one  daily,  the 
second  every  other  day  and  the  other  two  once  a  w^eek.  Where  w^ater  is 
scarce,  it  is  pumped  back  and  used  over  and  over.  The  plant  can  be 
moved  and  put  in  operation  in  less  than  one-half  a  day.  The  inventor 
claims  that  under  ordinary  circumstances  the  ground  can  be  delivered, 
washed,  and  the  tailings  cleared  aw^ay,  so  far  as  necessaiy,  for  30  to  35 
cents  per  yard. 

BLACK   SANDS. 

The  subject  of  black  sand  mining  lias  been  very  ably  and  thoroughly 
covered  by  Mr.  C.  A.  Logan  in  Bulletin  No.  85  of  the  State  Mining 
Bureau.  For  this  reason  only  a  very  brief  resume  of  the  methods  of 
recovery  in  common  use  will  be  given  in  this  chapter. 
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One  of  the  coinmonest  inacliincs  in  use  is  tlie  Kellogf^  Mack  sand 
macliiiu'.  Tliis  device  consists  of  an  inverted  funnel  with  ])ockets 
ai'ound  the  circumference.  As  the  sand  aiul  water  ant  i)oui-ed  upon 
tills,  a  boilinjr  aetion  oeeurs  iu  the  poekets  and  a  soil  of  eoncentration 
is  brouirht  about.  This  is  a  very  siniph*  niaciiine  and  appears  to  liave 
been  of  consichM'abh^  use  in  liandliuir  tlu'  bljick  saiuls  of  tlie  Orovilie 
distriet. 

Perhaps  the  simplest  type  of  machine  used  on  tlie  lieaeh  sands  con- 
sists of  a  })lain  duck  ])oard  riffle,  fastened  to  a  phmk  l)ottoiii,  wbicli  is 
set  out  near  the  edge  of  the  sea  as  the  tide  is  coming'  in,  and  is  kept 
constantly  in  sucli  a  position  that  tlie  outgoing  v^aves  would  w-ash  the 
gold-bearing  black  sands  over  it.  This  machine  has  been  used  near 
Crescent  City,  and  has  })aid  day  wages  to  the  men  operating  it.  Possi- 
bly one  of  the  best  types  of  concentrators  for  this  sort  of  work  is  the 
Iluelsdonk,  which  the  writer  has  seen  operating  in  Sierra  County,  and 


Photo   No.    18.     Giffen   Placer  Machine.     General   appearance   of   plant. 

which  has  successfully  been  used  for  years  in  recovering  platinum,  gold, 
amalgam,  and  mercury  from  black  sand  concentrates  at  the  La  Grange 
dredge.    The  description  given  by  Logan^  of  this  plant  follows : 

"The  concentrator  works  under  still  water  in  a  box  or  trough  which  is  16  feet 
long  one  foot  wide  inside,  and  about  one  foot  deep,  being  made  from  two-inch 
planks.  A  small  gas  engine  mounted  on  the  sluice  furnishes  power  for  shaking  the 
screen  and  the  concentrator,  and  for  pumping  water.  The  shaking  motion  is  given 
by  an  eccentric  with  g-inch  travel.  The  screen  moves  on  a  single  bolt  support  on 
each  side,  and  the  power  is  applied  against  springs.  From  the  screen  the  sand 
and  water  pass  on  to  an  apron  which  extends  one-half  the  length  of  the  sluice  and 
is  perforated  at  regular  intervals  so  as  to  distribute  the  sand  along  the  table 
proper.  This  apron  and  the  table  are  bolted  together  and  are  shaken  at  the  rate 
of  180  r.  p.  m.  They  travel  on  rollers  along  the  bottom  of  the  sluice,  and  require 
little  power.  The  table  proper  is  essentially  a  long  narrow  galvanized-iron  covered 
trough,  extending  the  full  length  of  box,  and  tapering  at  the  lower  end  to  a  groove 
scarcely  |-inch  wide  and  deep.  The  sand  enters  the  groove  at  the  upper  end  and 
as  the  shaking  motion  forces  it  along  the  lighter  constituents  are  crowded  to  the 
top  and  forced  over  the  side,  falling  into  a  bottom  compartment  which  shakes  with 
the  table  and  which  can  be  used  to  give  a  middling,  or  to  discharge  tailing.  The 
concentrate  travels  the  length  of  the  groove  and  is  tapped  off  through  a  spigot 
at  the  end.     Middling  and  tailing  are  tapped  from  the  side  near  the  end.     Huelsdonk 

^Logan,  C.  A.,  Platinum  and  allied  metals  in  California ;  Cal.  State  Min.  Bur., 
Bulh    85,  pp.    100-101,    1919. 
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claims  the  unit  can  handle  two  cubic  yards  of  gravel  or  one  ton  of  mill  tailings 
an  hour.  Twenty  cubic  yards  of  gravel  give  two  gallons  of  concentrate.  The  con- 
centration with  mill  tailings  is  said  to  be  100  to  1.  At  the  La  Grange  dredge  8  tons 
of  blacli  s.'uul  c()iic,(MUrat(!  were  reduced  to  about  one-third  of  a  gold-pan  full,  which 
contained  the  year's  output  of  platinum.  Only  J-horscpower  is  said  to  be  required 
for  the  concentrator.  The  demonstrating  model  has  a  1  J-horsepower  engine,  which 
is  claimed  to  be  more  than  ample  for  pumping  water  and  operation.  A  one-inch 
centrifugal  i)umi)  gives  an  ample  sui)ply  of  water. 

"The  saving  by  this  machine  appears  to  be  very  satisfactory,  and  the  concen- 
trator seems  to  have  a  wide  field  of  ai)plication,  but  ought  to  appeal  especially  to 
the  small  miner  or  the  man  who  wants  a  portable  outfit  which  Is  easy  to  operate 
and  requires  little  water.  The  installation  complete,  including  engine  and  pump, 
weighs  GOO  pounds,  and  the  heaviest  part  is  the  engine.  Two  men  are  required  to 
run  the  outfit  where  hand  shoveling  is  done." 

Another  machine,  of  the  airblast  type,  has  been  cleveh)ped  by  Sutton, 
Steele  and  Steele,  of  Dallas,  Texas.  This  machine  has  been  used  with 
considerable  success  on  concentration  of  light  and  finely  distributed 
materials.  "Whether  it  is  adaptable  to  heavy  black  sands  with  the 
variety  of  heavy  concentrates  which  are  produced  from  this  class  of 
material,  seems  still  to  be  undetermined,  but  from  the  looks  of  the  blue- 
print submitted  to  tbc  writer,  it  looks  as  if  it  had  possibilities. 

METHODS   OF   PROSPECTING. 

In  the  discussion  of  the  different  methods  of  operation  of  gold  placers, 
various  factors  have  been  mentioned  which  determine  the  choice  of  the 
method  of  work.  In  the  case  of  the  proper  examination  of  alluvial 
properties  with  the  idea  of  determining  the  method  of  working  to  be 
adopted,  the  examining  engineer  will  carefully  consider  all  of  these  fac- 
tors and  their  relative  importance  one  to  another.  If  the  enterprise  is 
to  be  hydraulic,  the  question  of  water  supply  is  paramount,  and  it  may 
be  necessary  to  determine  the  extent  of  the  available  water,  the  amount 
of  the  annual  rainfall,  and  its  flow-off,  absorption  and  evaporation; 
also  all  data  pertaining  to  reservoir  sites  and  ditch  lines.  As  a  survey 
of  this  kind  runs  into  considerable  money,  it  is  often  well  to  delay  its 
undertaking  until  at  least  some  of  the  ground  has  been  sampled.  In  the 
case  of  a  dredging  proposition,  the  determination  of  the  amount  of 
available  water-power  may  be  held  over  in  the  same  way. 

In  addition  to  the  factors  already  mentioned,  the  following  points 
should  be  investigated:  First,  all  questions  of  title,  royalty,  duty  on 
mining  machinery,  and  of  the  existence  of  legal  obstacles  to  regular 
operations. 

The  determination  of  the  valuable  content  of  the  property  in  question, 
that  is.  samp  ling,  upon  which  hinges  the  crux  of  the  examination,  calls 
for  the  most  painstaking  and  systematic  care  on  the  part  of  the  engi- 
neer. He  must  determine  as  exactly  as  possible  the  tenor  of  the  ground 
and  the  yardage  available  for  working. 

Gold  in  gravel  exists  in  two  forms :  that  which  for  want  of  a  better 
name,  we  call  the  'gravel-gold,'  which  was  deposited  simultaneously 
with  the  gravel,  and  that  known  as  'flood-gold.' 

Economically  the  former  is  all  important,  as  it  forms  the  chief  supply 
of  gold  in  alluvial  deposits.  It  is  usually  laid  down  once  for  all,  and 
covered  by  subsequent  layers  of  material.  Generally  it  occurs  in  well 
defined  bands,  or  channels,  of  varying  width  and  thickness.  When  it 
occurs  coarse,  the  richest  portion  is  usually  found  on  or  near  bedrock. 
Strata  of  sand  are  generally  barren.  Surface  soil  may  contain  enough 
gold  to  warant  the  cost  of  its  removal. 
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Flood-^'okl  is  the  banc  of  the  engineer.  The  majority  of  eases  bronprlit 
to  his  notice  hy  the  niiiiiitiated,  for  exani])le,  (]('])osits  wliero  natives  are 
makinj?  a  living'  wau:e  hy  surfaee  pannintr,  prove  on  exaniiriation  to  he 
nothing  hut  ])arren  gravel  beneath  a  tliin  iihn  of  flood-^^old.  Economi- 
eally  this  form  of  gold  is  of  small  moment.  It  is  usually  a  finely 
divided  i\our  or  flaki^s  derived  eitluM*  from  the  attrition  of  the  lighter 
part  of  tlie  gravel-gold,  or  being  deposited  at  the  present  day  by  the 
living  stream  from  quartz  veins  within  the  drainage  area.  It  is  of  a 
vagrant  nature,  and  migrates  with  eaeli  seasonal  flood.  It  is  found 
coneentrated  on  heads  of  islands  or  bars,  and  entangled  in  the  vegeta- 
tion covering  the  flood-plane.  It  is  purely  supei'fieial,  and  never  attains 
any  concentration  in  depth. 

The  gold  in  the  rivers  of  Europe  is  usually  of  this  character;  notably 
in  Hungary,  where  the  peasants,  aft(M-  cleaning  up  the  river  carefully, 
can  depend  upon  a  new  'crop'  of  gold  in  the  succeeding  year.  Here  the 
rivers,  whether  worked  or  not,  show  no  augmentation  of  the  gold  from 
year  to  year  by  reason  of  these  'crops.'  The  rivers  of  Spain  are  also 
notorious  for  this  character  of  gold,  as  also  are  many  rivers  in  tropical 
countries.  Deposits  capped  with  flood-gold  may  or  may  not  contain 
gravel-gold  beneath ;  therefore  its  presence  is  no  criterion  of  concentra- 
tion in  depth. 

High  banks  of  gravel,  suitable  for  hydraulicking,  can  sometimes  be 
sampled  by  channelling  their  surface  after  the  manner  in  which  veins 
are  sampled.  Usually  the  bank  is  divided  into  panels  of  one  or  two 
hundred  feet  wide.  After  cleaning  the  face,  a  cut  is  commenced  as 
near  bedrock  as  possible,  and  extended  up  to  about  5  feet.  This  cut 
is  conveniently  al)out  a  foot  wide  and  about  6  inches  deep.  Exact 
measurements  should  be  taken  of  the  length  and  breadth  and  depth  of 
the  cut  in  several  places,  and  the  cubic  contents  of  the  sample  in  place 
carefully  determined.  Material  from  the  cut  should  be  measured  loose, 
and  carefully  washed  in  a  rocker;  the  gold  is  then  amalgamated,  parted, 
and  weighed,  and  the  value  per  cubic  yard,  based  on  the  volume  in 
place,  is  computed. 

Commencing  at  the  level  of  the  top  of  the  first  cut,  another  sample 
should  be  begun  and  the  operation  repeated  as  far  up  as  possible.  It  is 
not  necessary  that  all  the  divisions  of  any  one  sample  be  in  the  same 
vertical  line.  They  may  be  'staggered'  to  suit  convenience.  By  this 
method  the  exposed  surface  of  a  cliff  of  gravel  can  be  systematically 
sampled ;  greater  facility  being  afforded  if  old  tailing  is  heaped  at  the 
base.  This  method  gives  accurate  results.  During  an  examination  of 
this  character  in  Peru  occasion  was  had  to  check  certain  cuts  by 
resampling,  and  it  was  found  that  the  jdeld  checked  almost  exactly. 
To  determine  the  gold  content  of  the  gravel  at  any  distance  back  from 
the  face,  and  also  the  pitch  of  the  bedrock,  either  shaft-sinking  or 
drilling  must  be  employed. 

Formerly,  in  California,  it  was  the  practice  to  sample  a  deposit  by 
first  installing  a  small  hydraulic  plant  for  the  purpose  of  washing  a 
portion  of  it.  If  the  clean-up  was  satisfactory,  the  property  was 
approved.  This  method  has,  happily,  fallen  into  disuse,  because^  it 
gives  misleading  results.  It  gives  a  large  sample  from  one  place,  which 
may  or  maj^  not  be  representative  of  the  whole  deposit.  A  case  is 
known  where  $1,100  taken  out  by  the  experimental  giant  on  a  run  of 
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;i  I'cw  liiiiidi'tMl  (Mil)i('  yiii-ds  was  substMiucjitly  only  ('(innllcd  bv  a  wliolti 
season's  workiiij^-  of  200,000  cubic  yards. 

Small  dredjjjes  have  sometimes  l)eeii  emi)loyed  to  test  dredging- 
jjfrouiid,  esi)eeially  in  New  Zealand.  Where  funds  are  available,  this 
nu'thod  jrives  most  satisfactory  results,  but  is  bound  to  ])e  exjx'usive  in 
the  lirst  eost.     Subse(iuent  expenses  inay  be  offset  by  the  clean-ui)s. 

It  is  diffieult,  if  not  impossible,  to  determine  the  amount  of  the  sample 
taken  in  gravel  that  is  not  firm  enough  to  stand  wlien  channelled.  In 
sampling  gravel  of  this  character,  the  sample  should  be  weighed  and 
its  volume  in  })laee  calculated.  Jk'fore  commencing  to  sample,  either 
by  pits  or  channelling,  a  deposit  of  gravel  of  this  character,  several 
trial-tests  should  be  made  in  order  to  determine  the  weight  of  a  cubic 
yard  of  gravel  in  place.  The  amount  of  water  in  these  tests  should,  as 
nearly  as  possible,  correspond  with  that  in  the  subsequent  samples. 

Of  all  the  methods  of  testing  alluvial  ground,  that  by  means  of 
l)itting,  or  shaft-sinking,  is  the  most  reliable.  Any  alluvial  ground  is 
not  properly  and  finally  tested  without  the  sinking  of  at  least  a  few 
shafts.  As  will  be  pointed  out  later,  drilling,  in  the  writer's  estimation, 
is  only  a  makeshift,  the  value  of  which,  aside  from  preliminary  testing, 
is  dependent  upon  checking  by  shafts. 

In  order  to  save  the  handling  of  excessive  material,  and  to  keep  down 
the  cost,  the  shaft  should  be  as  small  as  possible.  In  California,  where 
the  ground  does  not  have  to  be  timbered,  a  size  of  2  ft.  3  in.  by  4  ft.  is 
often  employed.  This  gives  one  cubic  yard  of  material  to  ever>^  three 
feet  of  depth.  Where  convenient,  all  of  the  material  is  put  through  a 
rocker.  Sometimes  channels  are  cut  down  the  sides  and  the  gravel  from 
the  measured  cuts  is  washed.  It  is  hardly  necessary  to  state  that  gravel 
taken  from  cuts  should  not  be  quartered  down,  or  'coned,'  as  in  vein- 
sampling,  for  the  gold  will  be  concentrated  by  each  re-handling,  and 
erroneous  results  obtained. 

Herewith  is  the  working  drawing  of  a  rocker,  used  with  excellent 
results  in  prospecting  ground.  Most  rockers,  the  designs  of  which  have 
been  published,  are  too  high  and  too  short,  and  consequently  are  not 
good  savers  of  fine  gold. 

The  cost  of  shaft-sinking,  compared  with  that  of  drilling,  is  high. 
Nevertheless,  this  high  cost  is  justifiable  in  consideration  of  increased 
confidence  in  the  accuracy  of  the  results  obtained.  A  shaft  not  only 
determines  the  value  of  the  gravel,  but  the  character  of  the  ground  can 
be  determined  in  much  greater  detail  than  in  case  of  the  drill.  Boulders 
lying  in  loose  gravel,  often  missed  by  the  drill,  are  exposed.  Bedrock 
can  also  be  cleaned  and  its  character  ascertained. 

Almost  all  of  the  dredging  grounds  in  California  have  been  tested 
both  before  the  erection  of  dredges,  and  afterward,  as  a  guide  to  opera- 
tion, by  the  Keystone  No.  3  traction-drill.  This  drill  uses  a  6-inch 
casing  and  is  operated  by  steam.  It  weighs  about  6  tons,  and  costs,  with 
all  tools  complete,  a  trifle  under  $2,000.  It  operates  a  string  of  tools  on 
a  cable  attached  to  a  drum,  the  tools  being  raised  by  the  pressure  of 
a  walking-beam,  and  dropped  by  gravity.  The  drill  and  stem  weigh 
about  800  lb.  The  crushed  core  is  removed  from  the  casing  by  means 
of  a  sand-pump  of  the  vacuum  type,  raised  and  lowered  by  an  inde- 
pendent reel  and  cable.     The  present-day  practice  in  drilling  with  this 
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injicliiih'  is  t()  drive  the  casing  oik^  or  two  IVet  l>.v  njcHFis  of  ji  drivinir- 
l)lock  clanijx'd  on  tlu'  (li-ill-stcin  ;  tlicn  l)y  means  of  the  drill  to  criisli  the 
material  forced  into  tlie  pijx',  and  ])wmi)  it  out,  leaving;  n  core  depend- 
ing on  tlio  eliaractor  of  tlie  ji:ravel.  This  core  sliould  be  of  such  thickness 
as  to  ])r(n'ent  an  inrusli  of  material  from  below:  and  yet  it  shonhl  not 
be  thiek  enou^di  to  form  a  l)Inir  that  will  foi-ee  away  «^ravel  from  tlu; 
casino:  wlien  drivintr  is  continued.  The  nuiterial  from  the  pump  is 
collected  in  a  i)ox,  where  it  should  be  measured,  and  carefully  panned 
or  rocked  afterward.  The  amount  of  core  that  has  been  i)umpe(l  from 
the  pipe  is  recorded  in  the  jo^,  and  also  the  numbci-  and  size  of  the 
'colours,'  or  specks  of  i^old,  as  well  as  the  character  of  the  ground. 

In  California  iiold  is  usually  classified  in  three  different  sizes:  the 
tiiiest  (No.  3),  weight  about  1  milligramme.  Those  running  from  1  to 
5  mg.  are  classed  as  No.  2;  over  5  mg.  as  No.  L  The  fine  colours  are 
usually  aggregated  and  grouped  as  No.  3.  This  method  of  recording 
the  a})proximate  A'alue  of  the  various  pumpings  ena])les  the  engineer 
definitely  to  locate  his  'pay-streaks.'  Ju  Alaska,  a  different  classifica- 
tion is  used,  namely.  No.  1.  2,  3,  and  nuggets;  No.  3  is  1  mg. ;  No.  2  is 
4  mg.  and  No.  1  is  8  mg.,  while  colours  above  10  mg.  are  called  'nuggets.' 

After  the  hole  has  reached  bedrock  (into  which  it  should  penetrate), 
the  casing  is  pulled  by  means  of  what  is  called  a  'pulling-cap.'  A  cap 
screwed  on  the  top  of  the  upper  casing  is  hammered  upward  by  means 
of  a  heavy  steel  bar,  which  passes  through  the  cap  within  the  pipe,  and 
is  operated  by  the  walking-beam  and  cable.  The  operation  of  i)ulling 
pipe  in  the  Keystone  is  sometimes  serious,  consuming  a  good  deal  of 
time  and  occasionally  resulting  in  loss  of  casing,  due  to  the  stripping 
of  the  threads. 

In  drilling  with  the  Keystone,  it  is  not  considered  good  practice  to 
drill  below  the  casing,  for  particles  of  gold  lodging  beneath  loose  flat 
rocks,  even  outside  the  area  of  the  bore,  are  shaken  down  into  the  pocket 
formed  by  the  drill  and  subsequently  taken  up  by  the  sand-pump.  On 
the  other  hand,  it  is  not  good  practice  to  have  too  thick  a  core  in  the 
pipe,  as  there  is  then  a  tendency  to  force  material  to  the  side  of  the 
path  of  the  descending  casing-material,  which  righth^  belongs  in  the 
core.  With  the  Keystone,  this  usually  only  happens  in  light  running 
ground.  As  a  general  rule  the  tendency  of  the  Kej^stone  is  tow^ard  an 
excess  of  core. 

Employing  the  outside  diameter  of  the  casing  as  a  basis  for  calculat- 
ing the  volume,  has  been  found  in  practice  to  give  high  results.  A  pipe 
formula  reducing  the  value  of  these  results,  and  based  on  check  shaft- 
tests  made  by  W.  H.  Radford,  has  been  generally  accepted.  This 
formula  reduces  the  results  obtained  by  the  theoretical  formula  about 
14^%.     In  its  simplest  form,  it  is  as  follows: 

_^  ^         ^  ^  J      Value  of  gold  obtained  x  100 

Value  01  gravel  per  cu.  ya.= ^r — -; — ^n^ — i — : — ^ — i ■ 

*  ^  Depth  of  hole  m  feet. 

It  has  been  stated  already  that  the  Keystone  is  apt  to  extract  an 
excessive  core.  In  order  to  correct  this  excess,  the  value  of  the  gold  is 
reduced  proportionally  by  the  ratio  of  the  number  of  inches  driven  in 
the  'pay-streak'  to  the  number  of  inches  in  the  excessive  core.  When 
the  excess  is  in  barren  materialj  no  correction  need  be  made. 


74 


CALIFORNIA    STATI'^    MIM\(i    BUREAU. 


'r<-"'y,i-^ 


■ — 

ri    ^ 

<u 

;    ^ 

S     5 

b'  ^ 

^5     it 

'      V 

5 

_^^ 

_t      ^ 

€ 


€i 


^ 

5 

! 

1 
1 

¥ 

1 

^ 


Mr^ 


'I 


X 


S^/hr  * 


.t 


^.*^' 


nf 


o 


7M  //>-■- 


CiOLl)    PLACIOUS   OK    CALIKOKN'IA.  75 

Owiiiji:  to  tlu!  fact  tliat  tlu'  casiiijr  iviiiaiiis  stationary  duriii;,'  pmiiphij;, 
excess  core  can  l)e  accurately  measured  in  the  Keystone.  Jn  tliis  r<!Si)eet 
it  differs  from  the  Baid^ji  hand-drill,  as  will  be  shown  later. 

At  Oroville,  California,  the  Keystone  drill  has  been  employ (mI  for  so 
many  years,  and  so  mucli  of  the  i,'round  tested  by  it  has  been  subse- 
(iueiitly  dred^'ed,  that  it  is  possible  to  determine  within  narrow  limits 
the  ratio  between  actual  dredge-recovery  and  averai,'es  indicated  by 
drilliuir.  AVhere  drilling  lias  been  carefidly  done,  75  to  80%  of  the 
estimated  yield  can  be  recovered  by  the  dredge.  This  includes  all  losses; 
not  only  those  in  the  tailing,  but  unrecoverable  islands  and  corners  left 
behind  in  the  course  of  operations.  In  Alaska,  however,  when;  the 
ground  is  shallow,  the  gold  coarse,  and  on  a  shattered  bedrock,  dredging 
results  have  usually  exceeded  the  estimated  yield,  the  percentage  of 
recovery  being  fron'i  103  to  198.  When  these  high  recoveries  have  been 
obtained,  tlie  dredgijig  depth  has  always  been  greater  than  tlic  drilled 
depth,  in  cases  by  as  nuicli  as  30  to  40  per  cent. 

Alluvial. gold  is  found  occurring  uncler  such  widely  different  condi- 
tions, conditions  that  affect  both  drilling  and  dredging  alike,  that  no 
arbitrary  factor  can  be  ap])lied  in  estimating  the  yield  of  a  deposit  from 
the  results  obtained  by  drilling.  In  general,  the  choice  of  any  discount 
factor  must  be  guided  by  experience.  Special  conditions  govern  each 
case,  such  as  the  fineness  of  the  gold,  the  proportion  of  clay,  the  number 
of  boulders,  the  method  by  which  the  deposit  is  to  be  woi'ked.  and, 
finally,  the  personal  equation  of  the  drilling-crew. 

The  need  of  a  portable  drill  in  testing  alluvial  ground  has  led  to 
the  adoption  of  several  types  of  drills  operated  by  hand,  some  of  which 
are  patterned  after  the  well-digger's  tools.  ]\Ir.  Newton  B.  Knox  had 
occasion  to  test  a  dredging  propei'ty,  in  Korea,  that  consisted  of  fine 
gravel  about  20  ft.  dee{),  resting  on  a  soft  clay  l)edrock.  The  gjold  was 
concentrated  in  a  narrow  streak  from  6  to  12  inches  thick,  resting  upon 
tlie  bedrock.  There  being  no  drills  available,  one  had  to  be  devised  on 
the  spot.  Attempts  were  made  to  drill  by  following  the  Keystone 
method,  that  is,  to  drive  the  j^ipe,  break  the  core,-  and  pump,  but  this 
liad  to  be  abandoned  owing  to  the  ineffectiveness  of  the  home-made 
pump.     The  following  method  was  finally  adopted : 

Holes  were  bored  in  the  overburden  by  means  of  an  auger  to  a  depth 
of  five  or  six  feet,  and  a  3|-in.  pipe  (the  only  size  available)  was 
inserted.  This  pipe  was  shod  wath  a  sleeve.  A  sleeve  sawed  in  half, 
and  screwed  on  top,  served  as  a  driving  cap.  The  pipe  was  driven  into 
the  ground  with  a  wooden  driving-block  operated  by  coolies  standing 
upon  a  movable  platform  supported  by  ladders.  While  being  driven, 
the  pipe  was  rotated  by  means  of  wooden  clamps  or  chain  tongs.  No 
attempt  was  made  to  pump  out  the  core.  The  pipe  was  driven  into  the 
bedrock  to  a  depth  of  about  two  feet,  after  which  it  was  pulled  by 
means  of  a  wooden  tripod  and  chain-blocks,  or  block  and  tackle,  the 
pipe  being  rotated  during  pulling. 

The  material  was  then  removed  from  the  pipe  by  means  of  a  long 
corkscrew  auger.  Occasionally  the  pipe  picked  up  a  boulder  in  its 
descent,  when  the  hole  had  to  be  abandoned  and  another  started. 
Otherwise  the  drill  worked  satisfactorily.  About  175  holes  were  put 
down  by  this  means,  which  gave  a  fair  value  to  the  ground.  The  owners 
of  the  propert}'  afterward  had  it  re-drilled  Avith  a  machine  of  the  Banka 
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ty])(',  jiikI  llic  result  of  200  holes  Ijillied  jiliiiost  exactly  willi  the  lioine- 
inade  drill. 

One  of  the  best-know  ii  types  of.'  liand-drills  tiiat  is  at  present  in  prac- 
tieal  use  is  tlie  Ranka  tyjx',  which  was  invented  ])y  a  Dnteli  engineer  in 
the  year  1858  I'or  tlie  i)ur])()se  of  testin<j:  tin  deposits  in  the  J)nt;eh  East 
Indies.  Tliis  drill  is  at  present  manufactured  under  its  orif^inal  name 
by  a  firm  in  IFaarlem,  and  is  also  manufactured  in  the  United  States 
))y  a  New  York  firm,  witli  some  modifications  of  the  type,  under  the 
name  of  the  Empire  Drill. 

Tlie  form  usually  employed  is  that  of  a  4-in.  flush-jointed  casing 
shod  with  a  steel-toothed  cuttinf?-shoe.  The  platform,  upon  which  four 
men  stand  while  operating  the  string  of  tools,  is  attached  to  the  top  of 
the  casing.  The  various  tools  used  in  drilling  or  pumping  are  raised 
and  lowered  by  means  of  a  steel  rod  1  in.  square,  which  is  jointed  in 
lengths  corresi)onding  with  the  lengths  of  casing,  which  are  usually 
five  feet.  The  theory  of  this  machine  is  that  the  casing  will  sink  under 
the  combined  weight  of  the  men  and  tools  while  the  platform  and  casing 
are  being  rotated  by  either  man  or  horse  power.  The  cutting  action  of 
the  revolving  shoe,  while  sinking,  is  claimed  to  cut  a  core  which  is 
representative  of  the  gravel  passed  through.  The  results  of  the  writer's 
experience  with  this  drill  have  not  been  entirely  in  accordance  with  the 
claims  put  forward  by  its  American  makers  and,  in  fact,  difficulties  have 
been  encountered  that  appear  to  have  been  entirely  overlooked  in  the 
discussion  of  the  drill  in  the  maker's  pamphlets. 

One  of  tlie  chief  points  of  variance  is  the  method  of  sinking.  It  is 
claimed  that  the  drill  will  sink  largely  by  rotation  alone.  In  attempt- 
ing to  sink  by  this  method,  and  keeping  a  careful  record  of  the  cores 
obtained   results  have  been   as   folloAVS : 

First :  In  ground  containing  any  quantity  of  gravel  about  the  size 
of  a  man's  fist  or  over,  no  progress  whatever  is  made  by  pure  rotation, 
and  eventually  driving  has  to  be  employed. 

Second :  In  ground  consisting  mainly  of  fine  gravel,  no  progress  is 
made  until  the  pump  has  reached  the  bottom  of  the  casing.  Then, 
while  pumping  with  little  or  no  core,  sinking  proceeds  w^tli  fair  rapidity, 
but  in  measuring  the  core  obtained  it  is  found  to  be  excessive.  For 
this  reason  it  was  observed  that  good  progress  can  only  be  made  by 
rotation  when  the  material  is  pumped  away  from  under  the  shoe,  a 
process  which  necessarily  gives  excessive  cores.  The  best  progress  that 
can  be  made  in  sinking,  consistent  with  the  obtaining  of  an  accurate 
core,  is  made  by  driving  wdth  a  battering  ram,  approximately  a  foot  at 
a  time.  The  ram  should  not  be  too  heavy  as  better  core  is  obtained  with 
a  light  ram. 

Another  claim  made  for  this  drill  is  that  "when  running  ground  is 
encountered  wdth  the  rotated  pipe  there  is  much  less  danger  of  getting 
an  incorrect  sample,  because  the  rotated  pipe  immediately  sinks  through 
the  gravel  till  it  strikes  solid  material."  In  the  writer's  experience  the 
presence  of  running  ground  has  always  made  itself  felt  by  an  influx 
into  the  pipe ;  and  w^hile  sinking  to  more  solid  material  an  excess  core 
has  always  been  picked  up. 

One  of  the  weak  features  of  this  drill  is  the  method  of  removing  the 
core  from  the  pipe,  that  is,  with  a  ball-valve  pump.  In  breaking  gravel 
to  any  size  within  the  pipe,  either  by  means  of  a  pump  or  the  ordinary 
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l)roakin«j:-l)it,  a  certain  aiiHmiit  of  tlic  coi'c  is  always  driven  out  of  the 
easinj;  and  lost.  This  I'csidts  in  a  deficient  coi-c.  In  sliallow  ^n-avel  this 
tendency  is  more  marked  tlian  in  lioh's  over  20  i't.  deep. 

Anotlier  cause  of  deficient  core  is  tlie  pecnliai'  shape  assnme(l  l)y  a 
worn  slioe.  In  contrast  with  tlie  Keystone  shoe,  wliicli  is  bevel h'd  toward 
the  outside  and  tends  to  retain  its  shape,  as  the  casing  is  not  rotated, 
the  shoe  of  the  hand-drill,  which  is  at  the  start  perfectly  flush  with  the 
c<isinp:  inside  and  out,  soon  wears  to  a  tapered  shape  with  the  <2:reatest 
bevel  on  the  outside.  This,  of  course,  results  in  forcing  aside  material 
that  properly  belongs  to  the  core. 

The  actual  value  of  all  drilling  results  is  entirely  dependent  upon 
the  representative  nature  of  the  core  obtained.  If  an  excess  of  material 
from  the  productive  layer  is  secured,  unless  allowance  is  made  for  that 
excess,  the  results  obtained  from  the  hole  will  be  proportionately  high. 
A  deficient  core  from  the  productive  layer,  on  the  other  hand,  gives 
results  unfair  to  the  ground. 

The  ordinary  method  of  keeping  a  core  record  is  to  compare  the  total 
measured  volume  of  core  obtained,  upon  completion  of  the  hole,  with 
the  theoretical  volume  required  by  a  cross-sectional  area  of  the  casing 
and  the  depth  driven.  This  ])ractice  gives  a  false  sense  of  accuracy, 
because  a  deficient  core  at  one  stage  of  the  drilling  is  often  balanced  by 
an  excessive  core  at  another.  If  the  excess  happens  to  come  from  the 
rich  layer,  the  results  will  be  too  high,  although  the  total  measured 
core  checks  the  theoretical.  A  driller,  knowing  that  his  core  was 
deficient  at  one  point  could  counteract  this  by  deliberately  taking  an 
excess  at  another,  and  yet  the  records  would  fail  to  show  the  incorrect 
nature  of  his  drilling. 

In  order  to  overcome  this  difficulty  and  to  keep  a  record  of  the  cores 
obtained  at  each  ])umping,  all  tlie  material  derived  from  each  successive 
foot  of  sinking  should  be  measured  carefully  in  a  measuring  box  and 
compared  with  the  theoretical  volume,  based  on  the  actual  sinking  of 
the  casing.  Thus  at  any  time  it  is  possible  to  tell  whether  excessive  or 
deficient  cores  are  being  obtained.  The  extra  work  involved  in  this  is 
negligible  and  does  not  interfere  with  the  work  of  the  panner. 

There  is  undoubtedly  a  slight  expansion  of  volume  of  the  gravel  after 
it  has  been  drilled  over  its  natural  volume  in  place.  The  amount  of 
expansion  of  gravel  nnder  these  conditions,  that  is,  after  it  has  been 
broken  up,  re-deposited  under  water,  and  drained,  has  been  determined 
in  various  ways.  To  some  of  the  statements  made  with  regard  to  this 
expansion,  the  writer  took  exception  while  prospecting  some  ground  in 
Colombia.  One  of  these  statements  was  that  gravel  that  has  been 
excavated  occupies  from  30  to  40  per  cent  more  volume  than  when  in 
place.  This  might  possibly  be  true  in  the  case  of  loose  gravel,  but  for 
gravel  that  is  broken  up,  washed,  and  laid  doAvn  again  under  water,  it 
is  certainly  entirely  too  high.  The  result  of  the  test  made  by  the  writer 
in  conjunction  with  ]\[r.  Knox  was  as  follows: 

\'olume  of 

giavel  after  Ratio  of 

washing  expaji- 

nieasured  sion 

Volume  of  gravel  in  place                               cii.  ft.  '/                               Kind  of  gi'avel 

0.48  X  0.78  X  1.37  ft.=0.513  cu.  ft 0.518         101         Very  fine  gravel  and  sand 

0.5  X  0.92  X  1.6  ft.=0.736  cu.  ft 0.848         115         Medium  gravel 

0.925  X  0.474  x  1.43  ft.=0.627  cu.  ft._-    0.690         110         Medium  gravel 
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Consideriiij^  the  above  tests  tu  be  reasonably  aeeurate,  it  appears  that 
au  ideal  working  of  the  drill  without  excessive  or  deficient  core  should 
give  in  ordinary  gravel  110  to  115  per  cent  of  the  theoretical  core. 
By  careful  drilling,  the  writer  has  found  that  from  1)0  to  100  per  cent 
of  the  theoretical  value  can  usually  be  obtained. 

As  a  result  then  of  employing  the  theoretical  pipe  formula  and  using 
the  gold  recovered  from  the  above  amount  of  material,  it  is  seen  that 
the  calculated  results  will  have  been  automatically  discounted  from  10 
to  25  per  cent.  This  is  proved  by  the  fact  that  the  above  tests  show 
an  actual  expansion  of  from  10  to  15  per  cent,  whereas  careful  drilling 
gives  but  90  to  100  per  cent  of  the  theoretical  volume.  This  discount 
does  for  the  hand  drill  what  the  Radford  or  Keystone  formula  does 
for  the  power  drill,  as  the  latter  formula  discounts  by  nearly  15 
per  cent. 

The  formula  usually  employed  in  calculating  results  with  the  Banka 
drill  for  gold  consists  in  dividing  the  value  of  the  gold  recovered, 
multiplied  by,  240,  by  the  depth  of  the  hole  in  feet  to  obtain  the  value 
of  the  gravel  per  cubic  yard. 

The  Banka  drills  have  come  into  vogue  for  testing  gold  placers  so 
recently  that  the  results  obtained  upon  ground  that  has  been  subse- 
quently dredged  are  not  very  extensively  proved.  When  figuring  the 
actual  dredgable  value,  of  the  ground,  it  seems  advisable  to  employ  at 
least  .the  same  discount  of  20  to  25  per  cent  an  results  obtained  with 
the  hand  drill,  as  is  usual  in  the  case  of  the  Keystone. 

In  comparing  hand  and  powxr  drills  it  seems  logical  to  state  that 
each  type  of  drill  has  its  own  particular  scope.  The  Keystone  is  to  be 
preferred  in  places  where  the  ground  is  heavy,  where  roads  are  fairly 
good,  where  labor  is  expensive,  althougli  skilled,  and  where  repair  shops 
are  available.  These  conditions  exist  in  most  parts  of  California,  and 
the  power  drill  is  emplo.yed  extensively -there.  On  the  other  hand,  where 
transportation  is  a  problem,  where  labor  is  cheap,  and  the  ground  is 
fairly  light,  the  hand  drill  seems  to  be  the  logical  instrument.  The 
main  advantage  of  the  Keystone  over  the  Banka  type  is  that  it  can  drill 
stif¥er  ground  and  deeper  holes.  It  requires  for  operation  a  panner,  a 
driller,  and  a  fireman,  as  well  as  a  man  and  team  to  haul  water,  fuel  and 
easing.  Its  disadvantages  are  its  higher  cost,  its  weight,  its  liability 
to  expensive  repairs  and  its  cumbrousness  in  moving  over  heavy,  w-et,  or 
rugged  ground.  In  pulling  pipe,  the  threads  are  often  stripped,  result- 
ing in  loss  of  casing,  and  at  times  the  operation  of  pulling  is  a  long  and 
tedious  one.  The  former  difficulty  could  readily  be  obviated  by  the 
adoption  of  flush  joints  and  heavier  threads. 

The  Banka  type  of  hand  drill  is  less  expensive ;  it  is  light,  weighing 
about  a  ton,  and  is  portable.  It  requires  few,  if  any,  repairs,  and  with 
the  exception  of  the  renewal  of  shoes,  not  many  extra  parts.  The  drill 
requires  a  panner,  four  men  on  the  platform,  and  a  man  and  horse  for 
motive  power.  If  a  horse  is  not  available,  men  must  be  employed  for 
the  w^ork  of  turning.  In  deep  holes  it  usually  requires  at  least  eight 
men  to  turn  the  drill.  In  Colombia,  in  using  this  type  of  drill,  the 
w^riter  found  that  a  crew  of  12  men  afforded  an  opportunity  for  the  men 
on  the  platform  to  change  frequently  with  the  men  on  the  rotating 
sweeps.  It  would  have  been  impossible  to  work  one  crew  of  four  men 
continuously  on  the  platform  for  ten  hours  per  day,  but  by  working 
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tluMii  ill  alli'rnatiiiir  sliifts  so  that  tlu'V  wcim'  only  workinj;  on  tlic  plat- 
t'onii  lor  olio  liour  out  oi'  three,  nnieli  better  speed  was  obtained. 

As  an  illiisl  i-ation  of  hand-drill  limitations,  Mr.  Newton  I^.  Knox 
speaks  of  testiiiii'  some  {.rround  in  s(»ulli('iii  Siberia.  The  deposit  con- 
sisted ol'  loose  i^ravel  from  !)  to  !•")  I'l .  in  depth,  ('ontainin<r  some  lar^e 
stones  and  restin«r  <>n  a  hard  nj)lni"ned  shattered  sandstone  bedrock.  The 
irold  was  e.\eej)tionally  coarse,  nut^^ets  as  lar«;e  as  jx'as  beiiifr  common, 
and  it  occurreii  generally  deep  within  the  crevices,  joints,  and  beddin^- 
])lanes  of  the  bedrock,  (piite  out  of  r<'ach  of  the  drill.  Some  of  the  jrold 
was  found  beneath  boulders  and  bedded  in  the  ^fround  and  lyiiiL^  U|)iiii 
bedrock.  As  would  be  e.\j)ected.  the  deposit  was  patchy.  Fifteen  holes, 
systematically  laid  out.  were  drilled  and  they  gave  discouragiiiir  and 
erratic  results.  To  test  as  far  as  possible  the  reliabilit\'  <jf  the  drills  a 
series  of  holes  was  put  down  across  a  valley  midway  between  shafts  that 
had  been  sunk  during  the  winter.  These  shafts  were  fifty  feet  apart 
and  had  given  results  of  20(^  to  .^1.20  per  cul)ic  yard.  Thoiurh  the  holes 
were  sunk  in  th(>  bedrock,  the  drill  failed  to  find  any  gold  whatever,  and 
eonsequently  this  method  of  testing  was  discontinued. 

Another  type  of  drill  in  more  or  less  common  use  on  the  Pacific  coast 
and  in  Alaska,  which  obviates  some  of  the  difficulties  of  the  heavier 
Keystone  i)ower  drill  is  that  known  as  the  l^nion.  This  drill  is  driven 
by  a  light  ga^soline  engine  and  is  mounted  in  such  a  way  that  it  can  be 
readily  transported  on  a  wheeled  frame.  This  drill  has  been  extensively 
used  in  Alaska  and  has  given  very  satisfactory  results  where  the  ground 
is  not  too  deep.  It  will  undoubtedly  drill  ground  which  is  much 
heavier  and  stiffer  than  can  be  drilled  satisfactorily  by  the  Banka  type. 

While  in  actual  operation  the  Keystone  drill  sinks  at  a  faster  rate 
than  the  hand  drill  and  yet.  if  the  time  lo.st  in  moving  is  considered,  the 
hand  drill  averages  about  the  same  number  of  feet  per  day.  In  ordinary 
gravel  two  60-ft.  holes  a  week  is  a  good  average  for  the  hand  drill.  The 
]Milling  of  the  casing  in  one  of  these  holes  ordinarily  recpiires  only  about 
an  hour. 

In  Key.stone  drilling  in  California  and  Oregon,  in  ordinarily  stiff 
gravel,  about  80  ft.  per  day  is  a  good  average,  but  the  time  lost  in 
])ulling  and  moving  reduces  the  weekly  average  to  about  the  same  as 
that  of  the  hand  drill. 

In  general  the  Keystone,  the  Union,  and  the  Empire  or  Banka  types 
are  standard  drills  which  are  excellent  in  their  respective  fields,  but 
each  one  requires  for  careful  work  considerable  experience  in  operation. 
In  order  that  confidence  may  be  placed  in  any  work  done  by  drilling,  it 
should  be  done  ciniscientiously  and  cores  obtained  should  be  normal  and 
representative,  and  the  pipe  formulas  used  should  be  applied  with  dis- 
cretion. In  the  writer's  opinion,  at  best  all  drilling  is  more  or  less  of 
a  make-shift  and  of  far  more  use  in  determining  bedrock  conditions 
than  in  determining  the  values  in  the  ground.  For  the  latter  purpose 
shaft  sinking  is  far  more  accurate  when  the  quantity  of  material  taken 
out  from  the  shaft  is  washed  through  a  sluice  box  and  the  results 
obtained  from  this  are  later  checked  by  channel  cuts  made  on  all  four 
sides  of  the  shaft  and  sampled  independently. 

The  number  and  distribution  of  holes  and  shafts  depend  chiefly  on 
tlie  character  of  the  deposit  and  the  distribution  of  the  gold.  Of  course 
the  more  holes  per  acre,  the  more  accurate  will  be  the  results,  but  also 
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\\ni  yrcjilcr  will  he  llic  cost  ol"  I  he  ('xainiiuil  ion.  In  the  Orovillo  district, 
where  Ilic  j^'old  \v;is  nioi'c  or  less  nnifoi-Mily  (list  i-ihnlcd  llii-oii^h  the 
Ci'i'avel,  as  soon  as  the  cliaractci-  of  the  d('j)()sit,  was  known,  on(^,  hole  ])()v 
aei'e  was  considered  sul'lieieiit.  In  lU'W  and  untried  districts  or  wiiere 
the  ^I'onnd  shows  a  tendency  toward  spottiness,  the  holes  should  be 
closer  t()j4'e1her. 

Where  the  i^old  occurs  in  channels,  holes  ai'c  placed  at  regidar  inter- 
vals from  200  to  500  ft.  apart,  with  the  intermediates  put  down  wher- 
ever necessary  to  define  the  limits  of  the  channel.  The  rows  are  usually 
started  ]()00  ft.  apart,  but  this  distance  is  determined  by  local  condi- 
tions, and  should  be  left  to  the  discretioii  of  the  engineer  in  charge. 

It  is  often  possible  to  segregate  and  reject  low^-grade  or  barren  areas, 
thereby  reducing  the  yardage,  but  bringing  up  the  average  value  for 
the  remaining  ground,  in  this  way  sufficient  yardage  may  be  proved  to 
justify  an  installation,  which  would  be  impracticable  if  the  whole  was 
taken  into  consideration.  Having  proved  the  yardage  and  determined 
the  character  of  the  gravel,  the  type  and  size  of  installation  can  be 
decided.  From  operations  under  simihir  conditions,  the  working  cost 
per  yard  can  be  fairly  accurately  estimated,  and  consequently  the 
expected  yearly  profits  can  be  determined  within  reasonable  limits. 
Knowing  the  total  life  of  the  property,  the  profits  to  be  derived,  and 
the  cost  of  equipment  and  installation,  its  present  worth  can  be  calcu- 
lated. Comparing  this  with  the  cost  of  the  property,  its  value  as  an 
investment  may  be  reasonably  approximated. 

In  all  prospecting  work,  the  factors  of  most  importance  are  the  experi- 
ence, judgment,  and  discretion  of  the  examing  engineer.  A  wide  range 
of  experience  will  often  be  of  more  value  in  the  interpretation  of 
results  obtained  from  an  expensive  drilling  or  shaft  sinking  campaign 
than  any  other  factor  in  the  examination,  and  the  use  of  judgment  in 
interpreting  these  results  will  often  mean  the  difference  between  the 
absolute  and  unrecoverable  loss  of  a  large  investment,  or  the  profitable 
employment  of  the  same  in  insuring  a  long  and  useful  life  for  the 
property  under  consideration. 
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ciiAr'ri':k  iii. 

PLACER  RESOURCES. 

Tlif  principal  ^M)I(1  placci-s  ol'  Calironiia  nvv  located  in  tlu.'  eastern 
lialf  of  llio  State  in  llie  SieiM'a  Nevada  Mountains  between  Lassen 
County  on  the  north  and  Mai'iposa  County  ^'u  the  south.  It  is  from 
this  area  that  the  «rreater  hulk  of  (Jalifornia  ^old  has  hi»en  produced  and 
will  he  produced  in  the  future.  For  this  reason  a  map  showing-  the 
location  of  the  auriferous  channels  of  this  region  has  heen  prepared  in 
considerable  detail. 

On  the  other  hand,  it  must  not  be  a,ssumed  that  all  California's  gold 
has  heen  produced  from  this  area.  A  small  proportion  of  it  came  from 
the  dry  placers  in  the  south,  and  some  of  it  from  the  ui)per  section  of 
the  Kern  River,  as  well  as  from  various  outlying  districts  in  the  Sierras 
and  in  the  Coast  Range.  Second  only  in  importance  to  the  Sierra 
region  is  that  portion  of  the  State  embraced  in  Del  Norte,  Humboldt, 
Siskiyou,  and  Trinity  Counties,  drained  for  the  most  part  by  tributaries 
of  the  Klamath  River.  The  Smith  River  in  Del  Norte  County  also  con- 
tributed a  portion  of  the  total. 

Starting,  then,  in  the  northen  portion  of  the  State,  a  discussion  of  this 
region  is  the  first  that  will  be  taken  up.  Although  the  Smith  River  is 
not  a  tributary  of  the  Klamath,  it  will  also  be  included  in  the  same 
general  heading. 

Section  I. 

KLAMATH    RIVER    REGION. 

Certain  geological  concepts  should  be  clearly  outlined  before  taking 
up  the  discussion  of  this  region  in  detail,  in  order  not  only  to  consider 
the  origin  of  the  gold  in  this  region,  but  also  to  distinguish  between 
two  distinct  types  of  auriferous  deposits  which  predominate;  namely, 
the  Cretaceous  shore-line  or  conglomerate  deposits ;  and  the  fluviatile 
deposits  of  the  same  period,  together  witb  all  secondar}^  concentrations 
of  the  same. 

During  the  Cretaceous  period,  when  the  shore-line  of  the  ocean 
extended  east  of  the  chain  of  islands,  which  is  now  the  Coast  Range, 
and  its  waters  beat  against  the  foothills  of  what  is  now  the  Sierra 
Nevada  Range,  there  existed  an  island  of  almost  continental  dimensions 
close  off  the  shore,  which  embraced  in  area  territory  which  is  now 
included  in  Humboldt,  Siskiyou,  Trinity,  Shasta,  Del  Norte,  and 
Tehama  Counties  in  California,  as  well  as  a  large  portion  of  south- 
western  Oregon. 

The  shore-line  of  this  island  on  the  west,  to  a  great  degree,  coincided 
with  the  present  western  coast  line.  Starting  at  Gold  Bluff,  its  course 
can  be  traced  northerly  nearly  to  Requa,  wiiere  it  swings  northeasterly 
and  crosses  the  upper  portion  of  Smith  River;  thence  going  northerly 
to  about  the  line  of  the  Rogue  River  in  Oregon ;  thence  easterly  toward 
Grants  Pass,  and  southerly  down  toward  Cottonwood  Creek  and  Henley 
in  California;  thence  still  further  southerly  down  the  Shasta  Valley 
to  Yreka,  where  a  turn  southeasterly  carries  it  across  Shasta  County 
to  Redding  and  almost  down  to  Red  Bluff:  thence  northwesterly  again 
through  Salt  Creek  and  out  to  Big  Lagoon  and  up  to  Gold  Bluff  again. 
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'riic  (li'iiiii.iLic  (tf  lliis  island  was  lai'^cly  expressed  in  two  rivei's;  oiui 
flowiiij^-  iiorlliei-ly.  and  the  otiiei-  southerly.  These  fjfi'Mvels  have  heon 
el.-issed  ns  those  of  the  "seccuid  pei'iod  of  erosion."  'I'lie  southward 
jlowiuu'  strenni  can  he  traced  I'inhu  tlie  uppei-  Trinity,  through  Miricrs- 
ville  aud  the  \Vea\"ei-viMe  liasiii,  out  hy  way  of  l^a  (ii'an^e  to  Hayfork 
aiul  ir\anJi)oni.  Tiie  northward  tlowinii'  stream  eau  l)e  traced  froiri  the 
Sahnou  Ixiver  in  Siskiyou  County,  throu^li  (yi'ajx)  Meadows  and  Portu- 
ijuese  Creek,  on  tiie  Khnuath,  to  the  liead  of  the  Illinois  Kiver  in 
Oregon,  and  theiiee  out  hy  way  of  Brings  Creek  and  ({alice  Creek  to  the 
iKU'thern  sh()r<>-line.  in  addition  to  tliis,  there  were  eoastal  streams  of 
minor  importanee,  the  larji:est  of  which  corresponded  in  location  to  the 
})resent  drainage  system  of  Clear  ('reek,  whose  ancient  delta  is  expressed 
at  liro  and  Ono. 

The  shore-lin(»  irravels  can  he  cleai'ly  traced  throu<rh  Siskiyou  and 
Shasta  counties,  and  have  already  received  considerahle  discussion, 
notal)ly  in  Mr.  Hussell  Dunn's  article  on  the  "Auriferous  Conglomerate 
in  California,"  in  the  Twelfth  Annual  Rej)ort  of  the  State  Mineralogist 
of  California.  For  many  years  this  shore-line  was  re<^arded  as  a  true 
river  channel,  whose  behavior  occasioned  great  confusion;  but  when  its 
true  character  as  a  succession  of  coastal  river  deltas  was  recognized, 
the  distribution  and  manner  of  occurrence  of  its  auriferous  portions 
was  much  clarified.  Where  it  has  been  crossed  by  more  recent  river 
systems,  they  have  been  to  a  large  extent  enriched  thereby ;  notably  in 
tlie  case  of  the  Smith  River  in  Del  Nor-te  County  and  that  of  Cotton- 
wood Creek  in  Siskiyou  County.  The  fact  that  in  many  places  thin 
beds  of  Cretaceous  and  Eocene  sandstone  overly  the  conglomerates  has 
led  to  some  confusion.  This  mereh'  proves,  however,  that  intermittent 
subsidences,  taking  place  after  the  river  deltas  had  been  formed  for 
long  periods  and  the  shifting  l)eds  of  the  rivers  had  distributed  their 
burden  of  gravel,  have  covered  this  coastal  area  for  considerable  depths. 
In  many  places  this  conglomerate  l)elt  can  be  found  resting  directly  on 
Cretaceous  deposits,  although  the  early  rocks  are  not  far  beneath.  The 
presence  of  well  defined  rims  in  a  few  places  indicates  a  complete  sub- 
mergence of  the  coastal  rivers  by  this  subsidence  as  the  coast  line 
receded. 

The  general  strike  of  the  axis  of  the  Coast  Range  through  Del  Norte 
and  Humboldt  counties  is  northw^est  and  southeast,  with  a  south- 
westerly dip  as  the  crest  of  the  range  is  nearest  to  the  eastern  slope. 
The  Tertiary  rocks  preponderate  over  those  of  the  Cretaceous.  From 
Requa  northerly  to  the  extreme  end  of  the  State,  the  country  is  very 
rugged  and  covered  wdth  forests,  the  rocks  greatly  resembling  those  of 
the  Sierras.  The  gravels  of  the  rivers  carry  both  gold  and  platinum 
values.  In  this  northern  region  serpentine  is  the  principal  rock.  Perido- 
tite  is  also  found  in  places.  The  greater  part  of  the  geological  forma- 
tion of  the  Smith  River  country  is  composed  of  sedimentary  rocks  of 
Tertiary  and  Cretaceous  age.  Apparently,  though  there  are  granite  out- 
croppings,  it  does  not  form  the  axis  of  the  main  Coast  Range.  In  the 
western  portion  of  this  countr}^  sedimentary  rocks  are  prevalent, 
although  toward  the  east  granite  forms  the  nucleus  of  most  of  the 
ranges.  The  slates  carrj^  thin  «eams  of  quartz  which  are  often  rich 
in  gold. 
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Almost  all  of  the  tj-ol(l-lK'ariii<;'  j^ravcls  of  the  Smith  liiver  Basin 
coiilain  black  samls  which  caiTv  some  platinum.  Tlie  beach  sands  also 
cari'v  \alues  in  «»()l(i  and  ])latinnm. 

The  Ci'etaceous  shore-line,  cari'vin^'  on  i'l'om  Hayfork,  hit  the  present 
const-line  somewhere  noi'th  of  Trinidad,  tni-nin«r  north  by  way  of  Gold 
Ulnlf.  It  passes  over  the  Klamath  east  of  Requa  and  runs  northerly 
throuiih  Del  Norte  County  across  the  Smith  River,  crossing  it  on  both 
the  south  and  middle  forks.  The  black  sands  of  the  coast  in  this  region 
have  been  a  field  of  investiiiation  for  many  years,  containing  ])latinum 
and  a  very  fine  comminuted  gold.  AVherever  the  shore  conformation 
and  the  direction  of  wind  and  tide  have  been  right,  there  has  been  a 
considerable  concentration  of  both  gold  and  platinum.  A  plant  built 
two  miles  south  of  Crescent  City  on  a  so-called  magnetic  repulsion 
prinicple  proved  a  complete  failure.  The  plant  was  located  jnst  back 
of  the  shore-line  and  consisted  of  a  suction  pipe,  a  convej'or  to  the 
l)lant,  a  large  area  of  aluminum  plates  with  riffles,  a  second  area  of 
small  aluminum  plates  similar  to  the  first,  and  a  third  metal  plate  of 
unknown  composition,  together  with  electrical  equipment  for  charging 
the  plates.  The  sand  was  delivered  from  the  suction  pipe  line  to  a 
revolving  screen.  The  sand  from  the  screen  was  hauled  up  an  incline 
to  the  top  of  the  treatment  plant  where  water  was  added  in  sufficient 
quantity  to  give  it  flowing  properties,  four  thousand  gallons  of  water 
per  minute  being  used.  The  sand  and  the  water  flowed  over  the  riffle 
area  at  the  same  time  that  an  alternating  current  of  electricity  was 
passed  through  the  plates.  The  black  sands  were  supposed  to  be 
repelled,  leaving  the  gold  and  platinum  in  a  concentrated  condition. 
Theoretically,  a  good  extraction  was  supposed  to  be  made,  but  prac- 
tically and  commercially,  the  plant  was  a  total  failure. 

At  Gold  Bluff  the  steady  erosion  and  concentration  of  the  Cretaceous 
shore-line  resulted  in  values  which  in  the  earlier  days  permitted  carry- 
ing the  sands  out  by  mule  loads  for  treatment.  A  shovelling  plant  was 
later  put  up  wdiich  was  unsuccessful,  as  the  thin  streak  of  auriferous 
sand  was  covered  by  too  great  an  overburden  of  barren  material.  The 
same  thing  occurred  at  Big  Lagoon.  The  Cretaceous  shore-line,  crossing 
by  Salt  Creek  over  to  Big  Lagoon  and  running  north  along  the  coast 
to  Gold  Bluff,  turns  northerly  and  crosses  the  Klamath  above  Requa. 
From  here  it  runs  northeast  to  Smith  River.  The  region  between  the 
south  and  middle  forks  of  Smith  River  has  large  areas  of  semi-cemented 
gravel  of  low  tenor,  in  places  concentrated  by  recent  streams.  The 
commercial  value  is  not  ver}^  great,  although  deposits  cover  large  areas. 

At  Harris  Flat,  between  upper  and  lower  Coon  mountains,  at  Big 
Flat  and  on  the  ridge  lietween  Hurdy  Gurdy  Creek  and  Gordon  Creek, 
the  gravel  has  been  prospected  with  little  encouragement.  It  is  situated 
from  2000  to  3500  feet  in  elevation  and  has  been  prospected  to  a  depth 
of  over  70  feet  without  reaching  bedrock. 

At  Rattlesnake  and  Little  Rattlesnake  mountains  a  deposit  of  large 
acreage  exists  which  has  been  prospected  to  a  depth  of  300  feet.  This 
shoW'S  a  very  low  gold  content.  The  gravel  seems  to  be  of  three  different 
ages,  and  the  shore-line  has  probably  changed  at  least  three  different 
times.  Each  stratum  of  gravel  lias  a  different  character  of  gold.  The 
only  commercial  producer  of  this  section  was  Big  Flat.     This  paid  well 
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at  t)iH'  tiinc  Imt   lli«'  pJiy  «:i;i\<'l   lias  lonj,'  since  hot'ii  worked  out.     Hig 
Flat  was  uiiilonl»l«'(lly  cnriclu'd  hy  tlif  concentration  of  lii^rhcr  frravels. 

Small  liars  alon^^  the  noitli,  the  middle  and  the  s(mth  i'<»i-ks  of  Siiiitli 
Ixiver  have  been  worked  and  there  is  iiinch  trravrl  U'\'\  that  isof  douhtful 
value.  The  south  fork  was  the  richest  hecause  its  di-ainai^c  has  cut  all 
of  tlie  hi^^h  sliore  ^'ravels  the  most  fre(|uently.  At  the  junction  of  the 
north  and  michllc  forks  of  Smith  Kiver  there  is  a  larj?e  bar  with  very 
lieavy  wash  and  very  li«:lit  iiold  content.  At  the  junction  of  Smith 
River  and  Myrtle  Creek  a  irood  bar  was  mined  in  the  earlier  days  l>ut 
was  i)robal)ly  locally  cni-iched.  as  Myrtle  Creek  has  Ix-cn  the  best  of  any. 
It  was  probably  fed  from  local  ledges  and  strinjrers.  As  hif^h  as  $1,100 
luis  ])een  taken  out  in  one  piece  on  ^lyrtle  Creek.  Practicall\-  all  of  tbr 
bars  ;;re  well  worked  out  at  present.  Crai^'  Creek  has  produced  both 
platinum  and  i,n»ld  i\)r  many  years  and  some  trround  still  remains  on  it. 
^Fonkey  Creek  has  jiroduced  heavy  gold  and  still  has  some  unworked 
ground  on  it.  Mill  Creek  and  Clark  Creek  were  also  worked  consider- 
ably in  the  early  days.  Clark  Creek  is  reputed  to  have  paid  as  high  as 
.^^70  per  man  per  day.    This  is  a  concentration  of  the  old  shore  gravels. 

The  mines  of  the  Smith  Kiver  were  mostly  small  hydraulic  proper- 
ties where  one  or  two  small  giants  were  used  during  the  winter  months. 
In  many  instances  a  plain  lire  hose  and  nozzle  were  used  on  the  gravel 
banks,  and  the  water  collected  from  the  gulches  in  the  rainy  season 
was  stored  in  small  reservoirs. 

This  country  is  accessible  mainly  from  Trinidad  northerly  along  the 
coast  by  wagon  road  and  also  from  Grants  Pass  by  wagon  road.  There 
are  no  railroads  at  present  constructed  through  the  county,  and  the 
distributing  point  at  Crescent  City  is  only  reached  by  small  steamers 
and  schooners  from  the  south.  The  principal  mines  of  the  district  are 
the  Aurora  Hydraulic  ^line.  located  at  French  Hill;  the  Dr.  Young 
]Mine,  also  located  in  the  French  Hill  district ;  the  Dave  Savoy  ^line  in 
the  French  Hill  district;  the  Elkhorn  Mine,  located  at  the  mouth  of 
Patrick  Creek ;  the  French  Hill  ^line  in  the  district  of  the  same  name : 
the  George  AVashington,  situated  on  ^Monkey  Creek;  the  George  Cook 
Mine  on  the  middle  fork  of  Smith  River:  the  Kaus  ]\[ine.  situated  in 
the  Craig  Creek  mining  district :  the  ]\Iyrtle  Creek  :\Iine,  situated  in  the 
district  of  the  same  name;  the  Monkey  Creek  ]\Iine,  situated  in  the 
^Monkey  Creek  mining  di.strict :  the  Xels  Christensen  ]\rine,  situated  near 
the  junction  of  the  south  and  middle  forks  of  Smith  River;  the  Oak 
Flat  Mine  in  the  Patrick  Creek  district,  and  the  Walter  Cook  Mine  in 
the  French  Hill  district. 

The  principal  water  supply  for  mining  purposes  comes  from  Patrick 
Creek,  Craig  Creek,  ]\Ionkey  Creek,  the  south  and  middle  forks  of 
Smith  River,  :\Iyrtle  Creek,  and  Shelly  Creek. 

In  general,  the  gravels  of  Del  Norte  County  are  no  longer  of  great 
economic  importance,  their  tenor  being  too  low  for  operation  on  any 
large  scale.  There  are,  however,  possibilities  for  the  small  miner  content 
with  making  moderate  wages.  The  beach  sands  of  Del  Norte  County 
present  a  problem  on  which  hundreds  of  thousands  of  dollars  ha^'e  been 
spent  Avith  little  successful  practical  result.  It  is  possible  that  some 
means  of  extracting  the  gold  and  platinum,  which  undoubtedly  exi.st 
in  these  deposits,  may  yet  be  found,  but  to  the  writer's  knowledge  there 
is  at  present  no  way  of  making  them  commercially  productive. 
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Klaiiinlli  Ixivcr  i\nd  its  li-ihutai-ics  have  Ix'cii  tlie  most  iini)ortant 
a.uciits  in  the  (list I'ihiitioii  of  j)lac('r  ^old  tlirouj?li  Siskiyou  ('onnty.  Tho 
l('n<i-lli  of  the  Klamalh  is  about  .'J62  miles,  hut  only  the  j)ortion  from 
liorubi'ook  down  to  the  mouth  of  the  river  is  of  interest  lo  the  placer 
miner.  In  this  seetion  liold  is  found  wherever  the  rivei'  has  deposited 
iii-avel,  whether  it  he  in  the  old  channel  several  htnidr-ed  feet  above  the 
pi'esent.  stream  or  in  the  |)i'esent  rixcr  bottom.  Beh)W  the  mouth  of 
th(^  Seott  ixivei-  the  Klamath  has  cut  tln'ou«ih  the  nortliern  iMid  of  the 
Coast  KanjJTe  praetieally  at  right  ang-les  to  its  trend.  This  ])ortion  is 
marked  l)y  very  steep  and  rui^jged  canyons  with  occasional  flats  and 
hiuh  bars,  in  which  the  river  has  meandered  in  former  ages. 

Commencing  at  the  mouth  of  the  Klamath  i-Jiver,  the  first  natural 
division  with  regard  to  i)hysieal  characteristics  is  from  Heciua  up  to 
Tule  Rapids.  From  Tule  Rapids  to  Weitchpec  the  river  increases  its 
grade,  but  from  Tule  Rapids  down  to  the  mouth  it  is  marked  by  a  much 
lighter  grade  and  by  relatively  smaller  gravel.  From  Weitchpec  down 
th(^  lower  Klamath  is  practically  virgin  ground  so  far  as  the  placer 
miner  is  concerned.  One  reason  for  this  is  that  a  large  portion  of  the 
river  is  still  in  the  Hoopa  Indian  Reservation,  and  has  not  as  yet  been 
opened  for  prospecting.  As  stated,  above  Tule  Ra])ids  the  bars  are  not 
so  frequent  and  the  wash  is  fairly  heavy.  Below  Tule  Rapids  and 
running  to  Requa  is  an  area  which  still  has  some  promise  for  prospect- 
ing and  exploitation  by  large  capital  seeking  investment  in  placer 
mines.  The  only  means  of  access  at  present  is  by  motor  boat  up  the 
Klamath  River  from  Requa. 

Extending  from  the  low  bars  of  the  river  back  for  several  hundred 
feet  above  the  river  are  high  bars  which  carry  gold  to  a  depth  of  a 
hundred  feet  and  over.  Tn  most  cases  water  would  have  to  be  brought 
from  tributary  creeks  of  the  Klamath  for  several  miles.  Below  the  falls 
at  Tule  Rapids  the  wash  in  the  present  channel  and  in  the  low  bars 
becomes  much  lighter.  At  Johnson's  Bar  there  is  a  long  bar  with 
about  50  feet  dump  into  the  present  river,  which  was  worked  for  many 
years  to  a  depth  of  one  hundred  feet  by  the  owners,  who  were  Indian 
allottees,  in  a  very  small  way  by  water  that  was  brought  from  Pequam 
Creek.  This  bar  is  said  to  have  averaged  about  25  cents  a  yard.  The 
wash  is  very  light.  There  is  a  high  bar  above  this  of  about  the  same 
depth.  From  here  on  up  to  Tule  Rapids  bars  are  frequent  on  both 
sides  of  the  river,  and  of  such  a  nature  as  to  be  possible  hydranlic 
ground. 

There  is  much  ground  below  here  which  seems  to  have  some  possi- 
bilities for  dredging  purposes;  notably  near  Johnson's,  at  Blue  Creek, 
at  Blakes,  at  Terwah,  and  from  Terwah  down  almost  to  Requa.  The 
wash  appears  to  be  light  and  there  should  be  some  vahies  in  the  ground 
which  averages  around  a  hundred  feet  deep.  If  it  contains  sufficient 
vahie,  this  ground  could  best  be  worked  by  one  large  company  which 
could  control  all  of  the  bars  and  work  directly  up  the  river.  The  allot- 
ments can  be  purchased  by  consent  of  the  allottees,  together  with  that 
of  the  Indian  Agency.  This  consent  could  probably  only  be  gained  by 
the  transportation  and  consolidation  of  all  of  the  local  Indian  families 
to  a  few  bars  on  the  river  Avhere  tliey  could  establish  a  permanent 
dwelling  place.  One  of  the  large  bars  might  be  set  aside  for  a  settle- 
ment.   If  properly  cultivated,  any  one  of  the  larger  bars  could  support 
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tlic  ciilirc  popuhil  idii.  (ii'jiNcyards  woiild,  ol'  com-sc.  luivc  tn  Ix' 
rcsjKM'ted.  This  is  perhaps  an  opportuiiily  worth  invest  i^'al  iii^',  as 
there  is  very  much  xir^iii  fjrouiul  of  known  rieliness  which  has  only 
reinain(>(l  unwoi-ked  l)y  reason  of  the  I'act  that  it  was  in  Indian  hands. 

OwiniT  to  tile  fact  that  little  liydiaulic  iniiiin.Lr  was  done  in  (he  early 
days  in  this  section,  the  hai-s  hetween  Johnson's  and  Weitchpec  are  srill 
mostly  nnprospeeted.  Jn  only  three  bars  on  the  lower  Klamatli  has  any 
work  been  done,  and  records  of  this  work  are  absolutely  laekirkir.  These 
bars  wer(>  at  -lohnson's,  at  Pequam  Creek  and  below  Orcutts  rancli. 
The  best  wa.ter  riuht  in  this  section  is  from  Pe(piam  ('reek.  Dump  is 
irood  all  the  way  down.  Water  can  also  be  obtained  from  Bl\ie  Creek. 
Sinee  early  days  this  has  been  Indian  territory,  and  the  bars  liave  been 
alloted  to  the  Indians  for  use  and  for  their  homes,  hence,  miinuir  has 
been  forbidden,  and  for  this  reason  there  has  been  very  little  prospect- 
ing  done.  Areas  on  these  bars  should  be  segregated  by  drill  pros- 
])eetinu-,  and  no  attempt  should  be  made  to  mine  all  the  bars,  as  there 
is  undoubteilly  much  of  the  irnmnd  that  would  not  i)ay. 

For  hydraulic  mininji'  many  high  channels  ai)pear  to  be  left,  at- 
elevations  approximating  a  thousand  feet  above  the  river.  Some  of 
these  prospect  very  well.  Water  and  dump  are  good  and  the  l)ars  are 
not  heavy. 

]\rost  of  the  lower  ])ortion  of  the  river  is  in  Franciscan  slate  and 
sandstone.  Shortly  below  Tnle  Rapids  these  are  replaced  by  the  Paleo- 
zoic metamoi'phics.  The  bars  of  the  tributary  creeks  do  not  carry  much 
gold.  It  is  only  in  the  old  channels  of  the  Klamath  that  good  values 
appear  to  be  found ;  although  there  are  no  jnines  operating  in  this 
vicinity.  From  Tule  Rapids  to  Weitchpec  the  Paleozoic  rocks  are  pre- 
dominant. AVeitchpec  is  at  the  junction  of  the  Trinity  River  with  the 
Klamath.  From  here  on  up  the  grade  becomes  steeper,  and  the  bars  are 
less  frequent.  The  water  supply  is  less  from  Weitchpec  down  to  Tule 
Rapids  than  it  is  from  Tule  Ra]^ids  down  to  the  mouth. 

At  Weitchpec  there  is  a  long  high  bar  on  the  Klamath  on  the  Indian 
Reservation,  which  might  pay  to  work  by  hydraulic  mining.  It  has  an 
excellent  dump  and  water  could  be  brought  from  Bluff  Creek  or  from 
Hopkins  Creek  on  the  south  side  of  the  river.  Below  Hopkins  Creek  is 
a  plaster  bar  with  the  front  rim  gone,  and  a  very  heav.y  top,  which  has 
been  worked  unsuccessfully.  At  Bluff  Creek  and  above  at  Big  Bar  a 
high  bar  was  worked  unsuccessfully. 

It  is  reported  that  the  saving  was  very  poor  and  that  much  gold  was 
run  over.  At  two  or  three  small  bars  on  both  sides  of  the  river  in  this 
vicinity  mining  is  still  being  carried  on  in  a  small  way.  At  French 
Bar  much  money  was  taken  out  in  the  early  days.  Below  this,  at  Red 
Cap  Creek  on  the  south  side,  is  a  bar  which  might  pay  to  work  from  its 
favorable  location,  good  dump  and  excellent  water  right.  It  is  about 
fifty  acres  in  extent.  Below  Camp  Creek  are  low  bars  which  look  srood 
but  have  poor  dump.  The  Salstrom  Place  and  the  Wilder  Ranch  have 
a  large  area  of  workable  ground  which  should  be  good  if  properly 
prospected  first,  in  order  to  direct  the  mining  work  intelligently.  At 
Orleans  Bar  is  a  large  area  of  unworked  ground  on  both  sides  of  the 
river.  On  the  north  side  the  front  ground  has  been  worked  off.  On 
the  south  side  of  the  river  the  old  Perch  Aline  was  the  best  paying 
ground  and  considerable  ground  is  left ;  but  the  bars  of  the  Orleans 
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Coinpany,  l)()11i  tlic  lii.uli  and  lli<'  low,  contain  a  niii(;h  lai'^cr  area  of 
ijfravi'l,  avcraiiinii'  about  ten  ('(Mils,  with  a  vc^vy  j^ood  (lump.  ^JMio  water 
is  l)i-()ujrlit  from  ('amp  Creek.  Tliere  are  some  bars  on  lied  (Jap  Oeek 
and  also  on  Camp  Creek  wliicli  liav(>  ])aid  in  a  small  way.  Outside  of 
this,  few  of  the  en'ek  bars  have  |)aid  to  work.  This  eountry  is  almost 
altoj^ether  in  the  Paleozoie  nietamorphies.  The  <^rade  is  much  steeper 
and  the  boulders  are  heavier.  On  the  other  hand,,  there  is  much  more 
wat(u*  for  workinjj:  j)urposes  to  ])e  taken  from  no{)kins  Creek,  Rluff 
Creek,  ('amp  Creek,  Slate  Creek  and  Red  Cap. 

The  lower  portion  of  the  river  is  only  accessi])le  ])y  trail  or  by  ])oat, 
but  the  region  from  Weitchpec  up  is  accessible  by  wagon  road  for 
about  seven  months  of  the  year  from  the  coast.  Most  of  the  p^round 
above  "Weitchi)ec  would  only  be  suitable  for  hydraulicking,  on  account 
of  the  size  of  the  boulders  and  the  character  of  the  bedrock. 

Above  Orleans  are  a  few  small  l)ars  between  there  and  Somes.    These 
are  mostly  unimportant,  but  some  of  them  have  been  worked  in  a  small 
way.    The  Bondo  Bar  was  worked  in  the  early  days  and  paid  very  well. 
The  Reese  Ranch  and  Fish  Ike's  place  are  bars  of  fairly  good  extent. 
The  Perch  property,  now  belonoins^  to  Mr.  Young,  still  contains  much 
g'ood  ground  in  the  form  of  a  higli  bar.     The  Nelson  property  contains 
at  least  a  mile  of  the  old  channel"  of  the  Klamath  River  with  two  or 
three  benches  on  it.    It  is  said  to  prospect  well  in  places.    It  has  a  dump 
of  from  500  to  600  feet,  but  the  water  problem  is  almost  unsolvable. 
Water  would  have  to  be  brought   all  the  way  from  Rock   Creek  or 
Dillon  Creek,  as  both  the  Reynolds  and  the  Ten  Eyck  Creek  water  rights 
are  not  very  large.    The. installation  would  certainly  be  very  expensive. 
The  Hickok  ]\Iine  on  and  near  Ten  Eyck  Creek  extends  about  half  a 
mile  along  the  river.     Here  there  is  very  heavy  wash  and  a  very  good 
dump.     There  are  several  small  bars  on  the  south  side  of  the  river 
above  here  all  the  way  to  Farnums  Ranch.     The  Sphinx  Bar  opposite, 
has  a  low  and  a  high  bar  on  a  short  turn  of  the  river.    At  Harley's  and 
at  the  Lord  IMine  on  the  opposite  side  of  the  river  is  a  short  turn,  with 
at  least  two  courses  of  the  Klamath  upon  it.    Much  gravel  is  left  at  the 
Lord  Mine,  but  it  apparently  could  not  have  been  pay.    From  Harley's 
Ranch  up  the  river  for  two  miles  are  numerous  large,  high  bars  with 
considerably  heavy  wash.    There  is  excellent  dump  but  not  much  water. 
On  the  north  side  of  the  river,  below  Rock  Creek  and  extending  out 
above  Dillon  Creek,  is  an  almost  unbroken  bar  which  has  been  slightly 
worked  on  the  front  rim.     The  water  right  and  dump  are  excellent. 
At  Blue  Nose  and  one  other  bar  below\  there  is  considerable  gravel  that 
is  reported  as  of  only  moderate  value,  although  it  has  been  worked  for 
many  years.    At  Thomas  Ranch  and  at  Aubery's,  as  well  as  at  Elliotts 
and  Cottage  Grove,  a  good  deal  of  gravel  is  still  left  as  both  high  and 
low  bars.     IMost  of  the  above  mentioned  gravel  will  run  around  ten 
cents  a  yard,  and  would  have  to  be  handled  on  a  large  scale  in  order 
to  make  any  profit.     There  are  spots  where  there  is  richer  ground. 
This  country  is  practically  all  in  the  Paleozoic  metamorphics.    Most  of 
the  hydraulic  mines  of  the  Klamath  River  were  in  this  section.     It  is 
now  accessible  by  road.     Somes  Bar  on  the   Salmon  River,  near  its 
junction  with  the  Klamath,  is  the  center  of  a  gravel  region  which  will 
be   discussed   under   the   head   of   Salmon   River.      The   country   from 
Orleans  to   Somes  is  a  pocket   and  stringer  country  in  which  many 
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small  ([uartz  miiics  have  oiM-nitcd.  Prospect  Hill  above  Orleans  has 
eontribiited  much  hy  its  erosion  1o  the  richness  of  the  hars  of  the 
Klamath  Hiver.  Tii'e  principal  \vat<'r  rights  in  this  section  are  from 
Koek  Creek  and   from    Dillon   Ci'eek. 

Immediately  above  Elliott's  is  a  low  bai-and  then  a  hi^h  one.     About 
throe  miles  above  is  a   Ion*;  low  bar.      Ki'om    here  on  there  is  nothing' 
until  Crawford's  Creek  is  reached.     Beyond  this  thei-e  is  a  .series  of 
hi^h   and   low   bars:   some   of  them   well   worked   and   cd'   considerable 
extent,  until  about  nine  miles  below  irapi)y  Camp.     The  Siskiyou  Alin- 
ing Compauy  worked  a  larjie  area  in  this  s<'ction.     Mo.st  of  the  ^'ravel 
has  a  good  dumi)  and  fairly  heavy  wash.     A  high  bar  extends  on  the 
east  bank  of  the  river  for  several  miles  below  Happy  CamjK  which  has 
only  been   worked  intermittently.      It  has  a   dumj)  of  300  to  400  feet. 
Two  miles  ])elow  IIapi)y  Camp  and  extendin«r  from  six  to  eiirht  miles 
above  is  a  series  of  high  and  low  bars  of  considerable  extent.    The  Davis 
or  Van  Brunt  Mine  and  the  Siskiyou  ^Mining  Company  are  the  princii)al 
companies  that  have  operated  here.    On  the  low  baivs.  if  the  grav<d  were 
•prospected   .sufficiently,    there   is  an   excellent   chance   to   use   a    Ruble 
grizzly  here,  as  there  are  many  long,  low  flats  with  little  dump  which 
might  pay   to   work.     At   Happy   Camp   and   south,   on   both   sides  of 
Indian  Creek,  is  a  low  bar  which  might  be  worth  prospecting.     There  is 
about  ten  feet  of  gravel,  but  it  is  said  to  he  very  good  on  bedrock. 
There  is  little  dump  here.     About  five  miles  above  Happy  Carnp  there 
is  an  opportunity  to  turn  the  Klamath  River  by  one  and  a  quarter 
miles  of  tunnel   and   secure   sixty   feet   of  drop   for  power   purposes. 
Power  for  driving  this  tunnel  could  be  furnished  by  the  flume  of  the 
Siskiyou  Alining  Company.     This  will  leave  nearly  seven  miles  of  the 
Klamath  channel  dry  for  mining  in  the  summer.     As  this  portion  of 
the  river  has  never  been  wing-dammed,  it  might  contain  considerable 
gold.     The  creeks  in  this  neighborhood  have  not  been  worked  much. 
Indian  Creek,  which  comes  into  the  river  near  Happy  Camp,  was  very 
spotty..    The  gravel  has  a  low  content,  but  pocket  mines  and  hill  sluic- 
ing operations,  such  as  at  Classic  Hill,  are  reported  to  have  been  very 
good.     Below  Happy  Camp  the  principal  water  rights  are  from  Clear 
Creek  and  Crawford  Creek. 

Titus  Creek,  Elk  Creek  and  Independence  Creek,  all  heading  on  the 
^larble  ^fountain  side,  have  been  worked  to  a  considerable  extent,  hut 
there  are  still  numerous  small  bars  on  these  creeks  which  might  he 
attractive  to  the  small  miner  and  prospector.  In  this  region  we  pass 
into  the  older  metamorphic  belt  which  has  been  classified  as  pre- 
Cambrian.  From  Happy  Camp  to  Hamburg  Bar  these  rocks  are  pre- 
dominant. The  principal  enrichment  of  the  placers  in  this  reeion  must 
therefore  have  come  from  the  erosion  of  the  gravels  of  the  second  cycle, 
which  have  already  been  mentioned  in  the  first  part  of  this  chapter. 
In  the  neiorhborhood  of  Portuguese  Creek  traces  can  he  found  of  the 
crossing  of  the  old  northward  flowing  channel  of  the  Cretaceous  island 
which  had  its  outlet  in  Oregon  on  Galice  Creek.  The  principal  water 
rights  of  this  section  come  from  Grider  Creek  and  Thompson  Creek, 
as  well  as  Seiad. 

Six  miles  from  Happy  Camp  by  road  and  about  eleven  miles  on  the 
course  of  the  river  gravel  hars  begin  again  at  or  near  the  Woixls  ]\Iine 
below  Thomp.son  Creek.     From  here  on  the  gravel  is  intermittent  witli 
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very  licivy  w  ash  nil  tlic  way  to  Sciad.  TUo  Sciad  Valley  appears  to  be  a 
|)()ssil)l(>  (li-('(l^nii,u'  area  of  scviM'al  liiiMdrcd  acn^s  in  extent.  Irninediately 
above  Seiad  is  a  hydraulic  bar  whicli  lias  not  yet,  been  workc^d  out.  In 
fact,  IVom  Seiad  up  lo  llainbur«;'  is  an  almost  unbroken  seetion  of  bars 
(d'  I'airly  ijfood  (hnnj).  There  are  hij^di  and  low  bars  on  both  sides  of  the 
Khnnalii,  most  of  whi(di  hav(;  been  ])artly  woi'ked,  while  others  are 
viri^in.  'Vhv  water  here  is  a  rather  dityieult  ])robh'm,  a]thou<^h  Grider 
('reek  is  the  l)est  water  rijj^ht.  This  eountry  is  all  accessible  by  wagon 
road. 

From  Uamburo-  uj)  to  Oak  l^ar,  still  i)assiuj4-  through  the  zone  of  pre- 
('and)riau  nu'tamoi-phics,  we  find  most  of  the  bars  to  be  barren.  There 
ai-e  small  ])ai"s  on  Horse  Creek  which  have  been  unprofitable;  and  on 
the  Scott  Kiver,  which  takes  its  entire  course  through  the  later 
mcl amorphics,  there  is  an  exceptional  enrichment,  which  is  probably 
the  cause  of  what  gold  content  there  is,  in  the  bars  at  Hamburg  and 
below.  On  Horse  Creek  there  is  considerable  gravel  of  doubtful  value, 
whieli  is  in  the  creek  bed  and  has  very  poor  dump.  The  higher  bars 
have  been  worked  off  wherever  there  is  pay  enough  to  work.  Above 
Oak  Bar  the  river  again  runs  through  the  Paleozoic  metamorphics,  and 
we  find  considerable  enrichment  again.  The  tributaries  of  the  Klamath, 
among  which  are  Beaver  Creek,  Humbug  Creek,  Barkhouse,  McKinney 
and  Little  Humbug  Creek,  are  all  very  rich,  and  still  contain  some 
gravel  which  should  be  of  interest  from  the  hydraulic  standpoint.  On 
Beaver  (h-eek  is  an  extensive  area  of  gravel  which  looks  promising. 
From  Oak  Bar  to  Hornbrook  the  country  has  been  characterized  by 
heavy  pocket  gold.  Ihere  are  small  hydraulic  mines  on  both  sides  of 
the  river  but  the  wash  is  very  heavy.  This  region  was  worked  in  the 
early  days  and,  as  it  was  quite  accessible,  has  been  fairly  well  worked 
out,  with  the  exceptions  noted.  Near  Hornbrook  the  old  Cretaceous 
shore  line  is  crossed  by  the  Klamath,  and  this,  together  with  Cotton- 
wood Creek,  forms  the  uppermost  zone  of  enrichment  of  the  Klamath 
River  in  the  State  of  California. 

The  approximate  production  of  the  area  from  Hornbrook  down  to 
Hamburg  Bar  has  been  over  $400,000.  The  principal  mines  of  the 
Klamath  River  w^re  worked  in  the  early  days.  At  present  there  are 
probably  not  more  than  half  a  dozen  operations.  Below  Thompson 
Creek  at  the  Woods  Mine ;  at  and  in  the  neighborhood  of  Happy  Camp ; 
in  the  neighborhood  of  Orleans ;  and  also  on  the  upper  river  above  Oak 
Bar,  these  few  operations  comprise  the  present  production  areas  of 
the  Klamath  River. 

So  far  as  the  tributaries  of  the  Klamath  are  concerned,  the  Trinity 
River  is  the  most  important ;  next  to  this  the  Scott  River,  and  next  to 
that  the  Salmon.  These  rivers  will  be  taken  up  in  the  order  of  their 
relative  importance  commencing  with  the  Trinity  River. 

TRINITY    RIVER. 

The  main  Trinity  River  rises  in  the  neighborhood  of  Scott  IMountain, 
flows  south  for  about  sixty  miles,  and  then  makes  a  detour  westerly 
for  another  sixty  miles  until  it  unites  with  Klamath  River  at  Weitchpec 
in  Humboldt  County.  The  south  fork,  which  joins  it  at  Salyer,  flows 
in  a  northwesterly  direction  from  the  Yolo  Bolo  INFountains  to  the  .iunc- 
tion.     The  main  river  for  the  most  part  has  its  course  through  the 
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l\iloozoif  srdiiin'iilai'ics  wliicli  ;in'  llic  soincc  of  most  «»!'  llu;  jjjold  in 
Calii'oriiia.  On  \\\r  other  liaiid.  the  south  fork  lias  most  ol'  its  draiiia^M* 
in  tile  pre-Cainhrian  iMetaiiior|)liies.  wiiieli.  as  a  wliole,  are  l)arren  of 
ij:old-pr()duein«;  ]<'(lges  and  strin«;ers.  ( 'oiiiiueneini^  at  tiie  junction  of 
the  Trinity  with  the  Khiinatii;  for  ahout  two  iiiih'S  ahove,  tiu'  vr<>r{;e 
is  very  steej).  At  t)ie  Hull  I\*aneii  there  is  a  iiiirh  l)ar  which  niij^ht  l)e 
suital)h'  t"(U*  hyiiraulic  nunin<r.  althouirh  water  is  comparativelv'  inaccos- 
sihh\  Ai)ove  tliis.  tlie  Iloopa  N'alh-y.  wliicii  is  one  to  two  miles  in  width 
and  six  or  seven  miles  in  lentrth,  contains  many  llats  and  low  hars 
which  prohahly  have  dred^eahle  areas  within  them.  The  gravel,  how- 
ever, is  shallow  and  eould  oidy  he  worked  hy  a  small  dred^^e  or  a  liuhh; 
jjrizzly,  as  the  dump  into  the  river  is  very  poor.  The  gravel  is  not  very 
heavy  and  tlie  water  riirhts  in  the  IFoopa  Valley  are  good,  the  best  one 
being  from  ]\Iill  Creek.  ^lost  of  the  land,  though,  is  allotted  to  the 
Indians  and  is  their  sole  support.  For  this  reason  it  would  be  difficult 
to  obtain  j)ermission  from  the  Government  to  mine  these  l)ars.  Th<*re 
are  about  three  hundred  to  five  hundred  acres  of  unallotted  land  that  is 
suitable  for  placer  mining.  Some  of  this  ground  is  reputed  to  contain 
very  good  values. 

Above  the  Hoopa  Valley,  the  Sugar  Bowl  l\anch  offei-s  the  next  ])ossi- 
ble  dredging  area.  There  is  a  tremendous  amount  of  high  wash  grav(d 
on  the  mountain  between  Hoopa  and  Willow'  Creek,  but  the  gravel  is 
veiy  low-grade  and  water  is  inaccessible.  Below  Willow  Creek,  for 
three  or  four  miles,  there  are  wide  flats  which,  with  proper  prospecting, 
might  segregate  areas  of  dredging  or  Ruble  ground. 

From  Willow  Creek  up  to  Salyer  are  several  high  bars  which  might 
contain  portions  suitable  for  hydraulicking.  The  dump  is  good  and  the 
wash  is  very  light.  The  water  i)rol)lem  is  a  little  difficult  however. 
There  are  several  large  bars  at  the  junction  of  the  south  fork  at  Salyer. 
These  bars  are  both  high  and  low. 

The  south  fork  of  the  Trinity  is  a  stream  along  wliich  little  mining 
has  been  done.  From  Auto  Rest  down  to  Trinity  many  bars  occur, 
which  might  have  possible  hydraulic  ground  among  them.  Some  of 
these  bars  contain  a  large  acreage.  At  Hyampom  there  is  a  large 
acreage  which  might  prove  good  dredging  ground  if  there  is  sufficient 
value  and  depth.  It  probably  contains  platinum,  and  might  pay  to 
prospect  for  this  metal.  At  the  head  of  Corral  Creek  some  heavy  gold 
has  been  taken  out  from  the  old  river  wash  which  occurs  there.  This 
is  on  the  divide  between  the  south  fork  and  the  main  Trinity  River. 
The  pay  is  fairly  good  for  ground  sluicing  work,  and  there  seems  to  be 
some  ground  left  which  might  pay  to  work.  Between  Hayfork  and 
Hyampom.  along  Hayfork  Creek,  a  little  mining  has  been  done  but  not 
to  any  great  extent.  A  serpentine  belt  crosses  the  south  fork,  and 
fairly  good  platinum  prospects  have  been  found  at  some  of  the  bars. 
It  is  possible  that  platinum  might  be  the  main  valuable  constituent 
of  these  gravels.  Ettapom  Creek  has  given  results  in  platinum  pros- 
l^ecting  but  has  not  been  mined  very  extensively. 

The  south  fork,  as  a  whole,  is  very  rugged,  and  water  installations 
would  be  very  expensive.  The  watershed  is  precipitous  and  the  water 
supply  is  naturally  limited  in  spring  and  summer.  Grouse  Creek  has 
the  best  water  right  of  any  of  the  tributaries.  ]\Iost  of  the  gravel  is 
rather  fine  wash,  as  heavv  wash  onlv  crosses  at  the  foot  of  the  eanvous 
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nntl  I'jills.  Most  ol'  jlic  h.-irs  Iimnc  ijood  (liiiiip,  hiil  Ihc  cxjumisc  of  hriiiir- 
in^'  on   Writci*  would,   in   ni;m\'  cases,   he   prohibitive 

At  llic  iicnd  oT  I^rowiTs  Ci-cck  and  on  Duncan  ('reck,  cxlondin<,^  down 
to  Can-  Ci'cck,  is  a  lii.uii  channel  siniilai-  to  th(^  La  Orango,  and  it  miglit 
j)()ssil)ly  he  the  same  channel  (Miiptyinj^-  into  tlie  shore  line  which,  oross- 
ini»'  helow  Ilayfoi-k  on  Salt  (.'reek,  runs  over  helow  Oold  P>luff  in  Hurn- 
holdt  County.  This  clumnel  can  he  traced  down  Hayfork  for  several 
miles,  it  has  the  same  tyjx^  of  dead  wash  in  it  as  the  La  Oranpfe,  and 
the  ii'ravel  is  not  wvy  heavy.  Tlierc^  is  a  lar«^(!  area  in  the  Hayfork 
\"all(>y  wliich  looks  as  if  dred^eahle  areas  iriight  be  selected  in  it.  Near 
Wildwood  on  the  Ilayfoi-k  is  considerable  platinum. 

('ontinuino-  up  the  main  river  from  Salyer  to  Burnt  Ranch,  the  main 
river  is  interesting*  for  its  platinum  content.  There  is  an  almost 
unbroken  succession  of  high  and  low  bars,  mostly  on  tlie  soutli  side. 
At  Hurnt  Kanch  itself  there  is  probably  an  excellent  hydraulic  property 
if  portions  of  it  were  properly  segregated  by  drilling.  Water  is  avail- 
able and  the  dump  is  excellent. 

Above  Burnt  Ranch  at  Cedar  Flat  is  good  mining  ground  on  both  the 
high  and  the  low  bars.  A  short  turn  of  the  river  at  Don  Juan  should 
have  some  good  ground  on  it.  Some  good  ground  is  still  left  at  Taylor's 
Flat  and  at  French  Creek  Bar,  but  without  very  much  dump.  At  Big 
Bar  itself  is  an  inside  channel  two  miles  long  that  has  paid  well  on  the 
upper  end  at  the  Tinsley  workings. 

Below  Burnt  Ranch  is  the  junction  of  the  New  River  with  the 
Trinity.  At  the  mouth  of  the  New  River  there  appears  to  be  a  small 
gravel  bar  of  about  ten  acres  that  prospects  fairly  well,  but  it  is  not 
of  sufficient  extent  to  warrant  putting  water  on  the  claim.  The  first 
real  gravel  bar  as  we  ascend  New  River  is  the  Siegler.  On  both  sides  of 
the  river  is  a  large  deposit  of  gravel  of  about  150  acres.  It  has  never 
been  prospected  and  is  a  very  likely  looking  bar.  Water  could  be 
obtained  from  Big  Creek  on  the  south  side  and  from  Bell  Creek  on 
the  north  side  of  the  river.  Bell  Creek  is  about  a  quarter  of  a  mile 
above  the  ranch,  but  Big  Creek  is  the  better  water  right.  Above  Sieg- 
ler's  is  Hoboken  Bar,  also  called  Grant's  Slide.  It  has  been  mined  with 
water  from  Bell  Creek,  but  no  record  as  to  the  values  is  obtainable.  A 
large  bar  is  still  left  and  might  be  worth  prospecting.  Big  Creek  on 
the  opposite  side  is  half  a  mile  below  this  bar.  The  next  bar  above  is 
a  small  claim  at  the  mouth  of  China  Creek,  about  twenty  acres  in 
extent.  It  has  not  been  mined.  A  bar  immediately  above  this  has 
been  totally  mined  off,  however.  This  bar  contained  very  heavy  gold, 
like  most  of  the  New  River  country. 

Above  China  Creek  another  large  bar  is  exposed  which  contains  over 
a  hundred  acres  of  gravel.  A  company  started  operations  ten  years 
ago  with  water  out  of  Bell  Creek  and  quit,  but  no  definite  reason  could 
be  ascertained.  A  good  water  right  from  Panther  Creek  could  be  put 
on  this  claim.  Above  Noble's  Bar  on  Panther  Creek  is  Henderson's 
Bar  and  the  Nigger  ]\line,  which  is  being  worked  at  present.  The 
Schoolhouse  Bar  is  another  portion  of  this  property.  Above  this,  the 
Burchoff  claim  has  ])een  mined  on  the  rim,  but  the  main  bar  is  left. 
Above  this.  Jackass  Bar  was  mined  in  the  early  days  and  is  claimed  to 
have  been  good  pay.  The  Ow^ens  Bar,  above  this,  has  been  mined  with 
water  from  small  gulches,  with  no  record  as  to  pay. 
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The  Now  Kivcr  Minima  Coinpany  used  to  own  :i  scry  lar^'e  liar  nii  the 
south  side  of  the  river  al)ov«*  tlic  Owens  Har.  This  property  is  now 
owned  hy  the  Ladd  I^rothci-s.  Mininir  has  hecn  <lone  on  tliis  har  for 
many  years,  and  it  is  chiinied  t<»  l)e  tf(M)d  if  j)rnpcrly  prospected  and 
segrepUed.  A  good  water  rij^ht  from  Quimhy  Creek  is  on  tin*  mine, 
eonsistinj;  of  ahout  'ioOO  int-lies  undor  MO  foot  lir'ad  for  ahout  fivf 
months  out  of  tlie  year.  Api)r(>ximately  a  quarter  seetion  of  {?ronnd 
is  left.  A  couph'  of  hi^h  bars  are  also  above  this  elaim.  This  is  about 
the  bi^frest  property  on  New  Hiver.  Aeross  from  this  is  the  McAtee 
elaim,  whieh  is  a  short  turn  of  the  river  with  three  separate  ehannels. 
Some  of  this  irround  should  be  jrood.  It  i)aid  oO  eents  a  yard  when 
mined  during  1920  and  1921.  AVater  is  piped  aeross  the  river  from 
the  Ladd  elaim. 

At  the  mouth  of  Devil's  Canyon  is  a  fair  sized  bar.  It  has  not  mueh 
dump,  but  the  values  are  said  to  l)e  erood.  AVater  from  Devil's  Canyon 
eould  be  brought  to  all  of  the  bars  in  the  vieinity.  This  is  a  very  good 
water  right.  Pony  Creek,  whieh  is  a  tributary  of  the  east  fork,  is 
reported  to  have  produced  about  $3.000.00<J  in  the  early  days.  It  has 
praetieally  all  been  mined  off.  The  east  fork  and  New  River  have  been 
wing-dammed  by  Chinamen  with  good  results. 

The  Slide  Creek  channel  is  supposed  to  eimtain  some  good  srround. 
but  the  dump  is  poor  and  the  wash  is  quite  heavy.  Some  of  the  ground 
was  prospected  by  the  Tener  Mining  Company,  and  their  results  were 
36  eents  a  yard  for  about  22  feet  in  width  and  30  feet  in  depth.  The 
Boomer  Quartz  ^line  at  the  head  of  this  creek  is  reported  to  have  pro- 
duced about  a  quarter  of  a  million. 

Eagle  Creek  and  Virgin  Creek  should  be  interesting  to  the  small 
miner,  as  they  carry  heavy  gold  in  rather  small  bars  and  flats. 
Emigrant  Creek  was  good,  but  is  mostly  mined  out.  Quimby  Creek 
was  also  a  good  producer. 

Coming  back  to  the  main  river,  for  about  four  miles  above  Big  Bai*. 
are  .small  placer  bars  either  on  the  river  or  above  it,  which  are  all 
courses  of  the  present  Trinity  River.  Some  of  the  gravel  is  quite  heavy. 
Many  of  these  bars  have  a  production  record  and  still  have  some  good 
gravel  left.  From  this  point  on  to  Helena  the  canyon  was  too  steep  to 
permit  the  forming  of  bars.  Above  the  north  fork.  Red  Hill  is  still 
a  good  hydraulic  property  if  water  could  be  brought  to  it. 

On  the  north  fork  itself  are  some  good  flats  in  which  small  dredging 
areas  might  be  segregated.  Rattlesnake  Creek.  Grizzly  Creek  and 
White's  Creek  .still  have  some  good  bars  in  them,  which  might  be 
attractive  to  the  small  miner.  Both  the  north  and  the  east  forks  have 
considerable  ground  on  them  that  might  be  suitable  for  a  Ruble  Grizzly. 
On  the  east  fork  of  Yellow  Jacket  Creek  both  Rich  Guh-h  and  Crump 
Gulch  were  very  rich  and  still  have  some  good  ground  left  on  them 
that  might  be  attractive  to  the  small  miner. 

Canyon  Creek  has  been  worked  for  fifty  years  and  still  has  much 
good  ground  left  on  it  for  hydraulic  purposes.  The  best  chances  for  a 
large  mine  lies  .seven  miles  up  this  creek.  The  dump  is  excellent,  but 
water  would  have  to  be  brought  six  miles  to  work  the  hitrh  bars.  Five 
acres  that  were  mined  off  are  reported  to  have  averaged  about  40  cents 
a  yard.  A  ditch  line  from  the  east  fork  would  bring  2(X)0  inches  or 
more  of  water  for  six  months.     The  bedrock  is  slate  and  the  ground 
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very  I'Hsily  mined.  The  hjiiik  jivera.u'es  IVoiii  :\()  to  (10  I'cct  deep  and 
lias  some  tine  loam  on  top. 

North  Fork,  now  named  Helena,  has  one  or  two  hii^di  hars  that  were 
worked  in  the  early  daxs,  and  some  lii-onnd  is  still  h'l't.  h'roni  North 
Foi'k  np  to  Lewiston  arc  many  low  hai-s  on  wliich  ^ood  (lr('d<4in<i:  ai-eas 
can  he  sej^rcjifatcd.  The  \'ahh)r  (!rc(l«re  is  o|)ci-at inj:!;  ahove  lleh'na,  and 
tin*  (Jai'deda  dreduc  is  operating-  on  the  Panlsen  Ranch,  near  Jjewiston. 
The  charactei'istic  of  tlie  dredj^in^-  ij^ronnd  on  tiic  Ti'inity  Rivei*  is  that 
about  20  to  40  per  cent  of  the  values  are  in  heavy  ^old  which,  when  fine 
screens  are  used  in  the  trommels,  j)asses  throuiih  them  and  out  on  the 
stackers  to  be  lost  with  the  boulders. 

Tn  this  country  much  ]i\draulic  fjround  is  availal)le  in  high  bars, 
provided  water  could  be  brought  to  it.  The  area  of  most  pi-omi.se  is 
above  and  below  Douglas  City.  At  Steiner  Flat,  at  Douglas  City, 
Dutch  Creek,  Brown's  Creek,  Crass  Valley  Creek,  Redding  and  Indian 
Creeks  are  large  ])ars  of  gravel  in  the  form  of  high  bars,  as  well  as  some 
low  ground,  which  is  practically  virgin  and  presents  an  excellent  oppor- 
tunity for  possible  hydraulic  ground. 

Weaver  ('reek  itself  has  been  well  worked,  but  some  gold  is  still  in 
the  tailings  which  fill  the  bars.  Some  good  high  ground  is  still  left  at 
the  l^nion  Hill  Mine.  From  Douglas  City  up  to  Lewiston  are  many 
high  bars  on  the  Trinity  that  appear  suitable  for  hydraulicking,  as  well 
as  low  bars  that  nuiy  possibly  be  dredging  ground.  A  large  amount  of 
possible  dredging  ground  is  in  the  vicinity  of  Lewiston,  in  Avhich  profit- 
able areas  can  probably  be  segregated. 

The  La  Grange  Mine  at  the  head  of  Oregon  Gulch,  which  has  for 
years  been  known  as  the  largest  operating  hydraulic  mine  in  the  world, 
has  been  closed  down  since  the  War.  A  large  quantity  of  low-grade 
gravel  area  is  still  left,  but  the  cost  of  opening  it  up  again  would  be 
considerable  on  account  of  the  necessity  of  a  tunnel  and  deep  cut.  The 
water  right  on  the  La  Grange  Mine  came  from  the  east  fork  of  Stewart 
Fork  for  a  distance  of  about  30  miles,  and  is  one  of  the  finest  hydraulic 
mining  rights  in  the  State  of  California.  If  this  ditch  could  be  tapped 
about  seven  miles  back  and  above  the  La  Grange  Mine,  there  is  an  area 
of  gravel  on  Musser  Hill  that  would  possibly  make  a  larger  and  better 
paying  mine  than  La  Grange.  This  gravel  was  deposited  by  the  same 
southward  flowing  Cretaceous  channel  as  La  Grange  and  prospects  on 
the  surface  even  better  than  La  Grange  did.  Dump  for  this  ground 
would  have  to  be  purchased  on  Brown's  Creek. 

A  large  amount  of  gravel  is  still  unworked  in  the  basins  of  east  and 
west  Weaverville  Creeks,  some  of  which  appears  to  be  very  attractive. 
The  old-time  miners,  working  on  the  shallowest  banks,  coveredr"^Tueh 
good  ground  with  their  tailings,  but  there  are  several  hundred  acres, 
both  of  flat  and  bench  ground,  which  are  still  virgin.  The  gravel  is  not 
coarse,  and  in  many  cases  is  subangular.  Most  of  this  gravel  is  derived 
from  the  erosion  and  concentration  of  the  old  Cretaceous  channel  which 
runs  through  from  Brown's  Hill  and  Musser  Hill  to  La  Grange.  Above 
Dutton  Creek  is  some  ground  from  this  channel. 

Under  the  town  of  Weaverville  is  a  large  amount  of  good  gravel 
which  has  not  been  drifted  out.  The  whole  basin  is  largely  controlled 
by  the  Union  Hill  water  right,  but  the  upper  half  of  it  is  undoubtedly 
hydraulic    mining   ground    with    excellent    possibilities.      The   Lorenz 
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l^rolluTs  ari'  now  woi-kiii*,^  ;i  \i\v^^o  iiiid  sncccssrul  liydraulic  iiiiiic  nii  llic 
lowiT  vnd  ol"  llii^^  hiisiii  jiiid  sta<*l<iiij,r  tlicii-  1ailiii|j:s.  Thr  houldn-s  arc 
not  very  lar^c.  and  llic  ^^n-adc  o\'  IIk^  cliaimcl  is  li^lil. 

Krtnrninji:  to  the  main  'Priinty  River,  from  Lcwiston  to  Carrvillc,  ai'c 
Hats  Avhicli  contain  a  considci-ahlc  acrca*!!*  of  |)rol)al)l('  drcdj^in^'  ^n-onnd 
wliicli  may  l)r  s('«rr('«rHt('(l.  It  is  to  be  hoped,  howt'vcr,  that  this  gronnd 
will  he  worked  with  flume  dredges  instead  of  those  of  the  staeker  tyi)e, 
not  oidy  for  the  reason  that  the  t^ronnd  ean  he  more  readily  resoiled, 
hut  because,  unless  large  screens  are  used  on  the  stackei'  dredges,  n<'arl\ 
one-half  of  the  gold  is  apt  to  be  carried  through  and  redeposited 
with  the  tailing  piles.  In  the  writer's  ()|)iinon,  the  Trinity  (Jold  Dredg- 
ing Com})any  lias  the  only  dredge  on  the  Trinity  River  that  is  saving 
its  bedrock  gold  by  digging  slowly  and  carefully  and  putting  everything 
through  its  sluices;  also,  it  is  leaving  the  ground  level  and  in  such  shape 
that  it  can  be  reclaimed  easily  for  farming  by  danuiiing  the  river  and 
overflowing  it. 

Deadwood  Creek  has  been  worked  a  great  many  times  by  small  placer 
miners,  and  hcis  proved  very  rich,  but  there  appear  to  be  isolated  patches 
of  gravel  remaining  that  might  be  suital)le  for  the  small  ground  sluicer 
or  drifter.  The  same  thing  may  be  said  of  Jennings  Gulch  and  East- 
man's Gulcli.  On  Eastman's  Gulch  is  a  considerable  body  of  possible 
hydraulic  mining  ground. 

From  Carrville  on  the  w^est  bank  of  the  Trinity  down  through  Miners- 
ville  and  Buckeye  Ridge,  Brow^n's  Hill  and  through  Weaver  Basin 
extends  the  southward  floAving  Cretaceous  channel.  This  was  greatly 
eroded  in  the  Weaver  Basin,  and  every  creek  and  gulch  that  cut  this 
channel  w^as  enriched.  Much  of  the  channel  has  been  worked  near 
Trinity^  Center,  but  above  Minersville  on  the  east  fork  of  the  Stewart 
Fork  are  several  miles  of  virgin  ground  which  should  make  possible 
hydraulic  property.  The  Beaudry,  the  Unity  and  other  properties  are 
on  this  channel.  Near  the  junction  of  the  east  fork  and  the  Stewart 
Fork  is  some  possible  dredging  ground.  This  channel  is  the  same  as 
that  which  goes  through  Musser  Hill  and  La  Grange  and  on  to  the 
Hayfork  country.  To  the  north  it  has  been  practically  all  eroded 
above  Trinity  Center.  It  can  be  found  on  both  sides  of  Coffee  Creek 
and  also  on  Scott  Mountain. 

On  the  east  fork  of  the  Trinity  River  a  large  area  of  possible  dredg- 
ing ground  still  remains.  There  is  a  tributary  high  bar  on  Plummer 
Hill  and  on  the  side  of  Paul's  Gulch.  There  is  also  a  more  recent 
channel  on  Crow  Creek  running  over  to  Slate  Creek,  and  also  on  the 
head  of  Snow  Gulch  is  considerable  recent  gravel. 

Coffee  Creek  has  been  mined  for  many  years.  The  upper  portion  of 
it  was  evidently  drained  by  what  is  now  the  south  fork  of  the  Salmon 
River  in  preglacial  times.  A  few  small  placer  mines  are  still  on  Coffee 
Creek,  which  may  have  some  value.  The  Nash  Mine,  later  known  as 
the  Big  Flat,  is  one  of  these.  It  has  had  a  fair  production  record  and 
undoubtedly  has  some  good  ground  left. 

Dredging  operations  in  Trinity  county  have  been  largely  confined  to 
the  middle  fork  of  the  Trinity  River.  The  largest  dredges  are  oper- 
ating in  the  section  betAveen  Carrville  and  Trinity  Center.  Below  this, 
a  flume  dredge  is  operating  above  Lewiston;  another  near  the  Rush 
Creek  confluence;  and  another  above  Helena. 
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SALMON    RIVER. 

'I'lic  s(Hilli\V(\sl('rii  poi'lioii  oJ"  Siskiyou  Coiiiity  coiiipriscs  llic  (li-aiiiHjjf(; 
;if(';i  ol'  the  Salmon  ITivcr  and  its  li-il)iitMi-i(\s.  'JMk^  topojri'apliy  is 
Ycvy  steo])  and  walcr  iiislallatioiis  ((uitc  ('X])('nsive.  This  districtt  is 
coiinecled  hy  a  waj^on  road  forty-tlir('(>  miles  in  length  between  Etna 
and  Scott  A^aHey  and  Forks  of  the  Sahnon,  located  at  the  jiinetion  of 
the  north  and  south  forks  of  the  Salmon  Uivei-.  As  most  of  the  level 
ground  in  the  district  consists  of  llie  low  lying  bars  on  the;  Salmon  River 
and  its  branches,  this  section  is  pi-actically  d(!pendent  Tor  food  and  suj)- 
plies  upon  communication  with  tlu^  outside  which  is  oidy  open  for  wagon 
()!•  truck  traffic  for  about  five  months  out  of  the  year. 

in  the  early  days  the  Salmon  River  w^as  famous  for  its  front  rim  dig- 
gings in  low  bars  close  to  the  present  river.  These  diggings  were  very 
rich.  In  the  main,  since  the  days  between  1850  and  1870,  the  larger 
hydraulic  operations  have  been   unsuccessful.     At  present  very  little 
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mining  is  l)eing  done  on  the  river,  as  the  best  of  the  available  ground 
lias  been  worked  out.  The  Salmon  River  suffers  from  many  drawbacks. 
In  most  cases  wrter  installation  is  very  difficult  and  expensive.  The  top 
is  heavy  or  else  the  dump  is  very  poor,  and  many  heavy  boulders  hamper 
the  work.  The  pay  is  generally  confined  to  a  narrow  area  and  the 
greater  portion  even  of  some  of  the  best  bars  is  too  low  grade  to  be 
profitable.  Commencing  at  the  upper  end  of  the  north  fork,  the  best 
placer  remaining  lies  in  White's  Gulch  at  the  Craig  Mine,  and  in  Eddy's 
Gulch  at  the  Peterson  Mine,  both  of  these  gulches  being  tributaries  of 
the  north  fork  above  Sawyer's  Bar.  Due  to  the  erosion  of  the  old 
Klamath  ledge  and  other  blanket  ledges,  Eddy's  Gulch  and  Sawyer's 
Bar,  just  below  it,  we're  greatly  enriched.  With  the  exceptions  named 
above,  most  of  this  country  is  now  worked  out.  Above  Eddy's  Gulch 
on  the  main  river  there  is  considerable  gravel  in  high  l)ars,  l)ut  as  a  rule 
it  has  not  paid  to  work.  From  Sawyer's  Bar  on  down  are  still  hundreds 
of  acres  of  unworkecl  high  bars  with  very  heav}^  top,  heav}"  boulders  and 
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^mkmI  (liiiiiit.  ()ii('  ()!•  two  small  iiiirirs  n\c  \\(nkiii«;  in  (JrMiJtnry  fasliiorj, 
hut  witlioiil  oiKnij^li  watrr  t(>  a«M'niiiplisli  nmcli.  Hdow  l>(nial>  Bar, 
wliifh  is  al)()iit  tlir»M'  niilfs  alxjvc  Forks  of  Salmon,  is  some  jjfood  j^roun«l 
and  iiuK'li  gravel  is  left,  some  of  which  is  said  to  he  pay  L^ravel.  At  th«* 
Korks  itself  a  fairsizt'd  Mat  is  still  hdt  which  contains  some  good  ground, 
hut  this  has  been  largely  drifted.  The  oidy  water  that  is  available  for 
mining  this  frround  is  that  formerly  used  ]>y  the  Forks  of  Salmon  ^fin- 
ing  Company.  This  flume  could  be  rei)aired  and  extended  so  as  to 
cover  the  ground  at  Forks  of  Salmon. 

Up  the  south  fork  of  the  Salmon  considerable  work  has  been  done 
as  far  up  as  Orcutt's  Ranch,  and  some  small  bars  are  still  left  which 
j)robal)ly  would  not  pay  to  work.  The  principal  gravel  areas  of  the 
south  fork  are  at  Cecilville  and  Sunimerville  and  extend  clear  up  to  the 
( "offee  Creek  Divide.  There  is  a  tremendous  amount  of  gravel  here, 
but  the  pay  is  very  iri-ctrnlar  and  spntt.\'  and.  as  a  rule,  mining  opei-a- 
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tions  on  a  large  scale  have  never  paid  and  probably  never  will.  Two 
small  mines  are  still  working  near  Cecilville. 

From  Forks  of  Salmon  down  to  Somes  Bar  is  much  L'^ravel.  bnt  very 
little  of  it  has  paid  to  operate.  Codfish  Hill,  the  Bloomer  Mine  and  the 
Xordheimer  Flat  have  been  the  best  mines  on  the  river,  but  in  all  of 
these  the  greater  proportion  of  the  pay  gravel  has  been  worked  out. 
Only  two  mines  are  working  at  present  in  this  section  of  the  river.  The 
Bloomer  Mine  is  entirely  ditterent  from  any  other  channel  on  the  river, 
and  in  the  nature  of  its  wash  and  the  type  of  its  gold  this  more  closely 
resembles  the  northward  flowing  Cretaceous  stream  than  any  other.  If 
it  is  a  portion  of  this  stream,  it  has  probably  been  almost  entirely  eroded 
for  many  miles.  It  might  possibly  have  flowed  northward  toward 
Portuguese  Creek  between  Happy  Camp  and  Hamburg  Bar. 

A  few  opportunities  for  the  small  miner  without  an  expensive  installa- 
tion still  remain  at  and  near  Portuguese  Bar  and  on  the  north  fork 
below  Sawyer's  Bar.  as  Avell  as  above  Cecilville  on  the  south  fork.  A 
little  good  ground  is  also  left  on  Xordheimer  Creek. 
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SCOTT    AND    SHASTA    RIVERS. 

Tile  last  llircc  miles  ol"  the  Scoll  Kivci",  Ix't'oi-c  ils  Juiictjoii  with  the' 
Klaniafli,  aic  llic  richest  i)ortion.  I^actically  all  of  this  distance  has 
1)0011  wiiiiidaimuod  whorovor  ]K)ssil)lo.  Somo  low  bars  are  still  loft,  hut 
oiitsido  of  tho  Hat  on  which  tlio  town  of  Seotts  liar  stands,  they  have 
been  drifted  out.  A  deep  channel  is  still  left  in  this  vicinity  which 
mi^ht  pay  if  the  water  is  not  too  hard  to  handle.  A  groat  proportion 
of  the  enrichment  in  this  part  of  the  channel  comes  from  the  erosion  of 
Quartz  Hill.  This  hill  has  been  hydraulickod  for  many  years,  and  is 
still  being  operated  at  a  slight  profit.  About  a  half  mile  above  the 
junction  of  the  Scott  and  Klamath  rivers  is  a  high  bar  at  the  Rox- 
bury  Mine,  which  is  probably  one  of  the  most  interesting  hydraulic 
propositions  in  California  today.  There  are  in  the  neighborhood  of  five 
to  ten  million  .yards  of  gravel,  which  will  probably  run  from  ten  to 
fifteen  cents  a  yard.  The  present  water  right  is  not  sufficient  for  the 
profitable  working  of  the  property.  It  will  be  necessary  to  bring  water 
from  Thompson  Creek,  and  about  twelve  miles  of  the  necessary  ditch  is 
still  uncompleted.  Considerable  money  was  spent  here  in  1917  by  the' 
present  owners  but  not  to  good  advantage.  The  grade  used  on  the  sluice 
boxes  is  entirely  too  high  for  the  saving  of  any  fine  gold  with  the  amount 
of  water  that  is  used. 

Continuing  easterly,  the  principal  gold-bearing  tributaries  of  the 
Scott  and  Shasta  rivers  w^ere  Greenhorn,  McAdams  and  Cherry  creeks. 
A  deep  channel  with  cemented  gravel,  which  is  probably  a  portion  of 
the  delta  gravels  of  the  Cretaceous  island  before  mentioned,  underlies 
Greenhorn  Creek.  There  is  a  tremendous  amount  of  water  in  this,  and 
it  is  now  used  as  an  auxiliary  water  supply  for  Yreka.  A  large  propor- 
tion of  the  gold-bearing  gravels  of  Greenhorn  Creek  has  been  partly 
dredged.  McAdams  Creek  has  been  dredged  for  the  greater  part  of 
its  length,  but  on  the  lower  two  or  three  miles  there  is  still  some  virgin 
ground  which  might  possibly  be  capable  of  yielding  a  profit.  Some 
hydraulicking  has  been  done  on  Greenhorn  and  Cherry  creeks,  and  some 
good  ground  still  remains. 

Quartz  Valley,  which  is  tributary  to  the  Scott  River,  has  the  appear- 
ance of  a  possible  dredging  proposition,  which  has  been  fed  from  the 
gulches  on  either  side  of  Evans  Creek.  Considerable  good  ground  still 
remains  in  these  gulches  for  the  small  operator,  notably  on  the  east  side. 

A  large  channel,  which  is  possibly  the  old  Tertiary  equivalent  to  Scott 
River,  which  contains  subangular  and  slightly  cemented  w^ash,  comes 
down  from  near  Callahans  through  Etna  and  across  the  upper  end  of 
Quartz  Valley,  and  into  the  present  bed  of  the  Scott  River  where  it 
turns  westerly  toward  Seotts  Bar.  Spills  from  this  channel  enriche'd 
the  old  Etna  Creek  diggings  and  faulted  portions  of  it  were  worked  at 
the  Old  Piney  and  the  New  Piney  diggings  on  both  sides  of  the  ridge 
west  and  south  of  Evans  Creek.  This  channel  has  the  possibility  of 
being  one  of  the  largest  hydraulic  propositions  yet  remaining  in  the 
northern  end  of  the  state,  but  considerable  ground  would  have  to  be 
bought  for  dump  purposes  and  water  would  have  to  come  from  the 
Scott  River. 

Oro  Fino  Valley  appears  to  have  some  possible  dredging  ground.  For 
a  great  distance  on  both  sides  of  the  valley  the  slopes  of  the  ridges  have 
been  worked  since  the  early  days.    Fed  from  a  rich  pocket  country  a 
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irrcal  iiuiss  of  siilninjzular  crosidiial  ddrilus  slill  occiipii's  the  criilri-  (►J' 
this  vallt'v,  mid  evidently  eoiitaiiis  some  «i(>ld.  ( 'oiisideraWIe  ai'eas  ol! 
iiroiind.  |)()ssil)ly  suitable  i'or  ll.\(l^auli(•kiIl^^  still  i-eiiiaiii  on  the  ridges, 
in  all  eases  where  thi^  has  heen  mined,  the  liedroek  has  (ividontly  })een 
very  earelullx'  s1i'i|)|)e(l  and  (  leane<l.  Presiimahly  most  of  the  pay  lies 
close  to  the  liottom. 

Below  the  junetion  ol"  the  soiilli  and  east  forks  of  Scott  l^ivei',  noi'th 
of  Callahan,  is  still  some  exrellent  dreduinii  «rrouii(l  in  spite  of  the  fact 
that  one  disastrous  and  abortive  att(Mupt  was  made  to  handle  it  several 
years  a^o.  Above  this  junction  of  both  the  south  and  the  east  forks 
there  is  also  some  ])roinisin^  irround.  In  this  re«j:ion  one  of  the  best 
areas  of  hydraulic  ground  also  remains;  which  is  suitable  for  the  small 
operator  with  little  capital.  Tufortunately  a  lar^^e  proportion  of  this 
jrround  is  tied  up  in  the  Heaudry  Estate,  lying  on  Wihh^at  Creek  and 
also  on  the  south  fork.  However,  on  Fox,  Slide,  Grouse  and  Kangaroo 
creeks  a  snudl  (piantity  of  spotty  ])ay  gravel  still  remains  in  small  s<'gre- 
gated  areas,  which  inight  be  interesting  to  the  i)iek  and  shovel  miner. 
•East  of  Kangaroo  Creek  very  little  pay  is  encountered.  Xorth  of  the 
junction  of  the  Shasta  River  with  the  Klamath,  Cottonwood  Creek 
forms  a  dividing  line  in  northern  Siskiyou  County  between  the  aurif- 
erous and  barren  gravels  which  lie  respectively  on  the  west  and  east 
sides  of  it.  South  of  Ilornbrook  the  old  ))lue  shore  gravels  of  the 
Cretaceous  island  are  being  worked  by  drifting  at  the  Bradley  ]\rin(\ 
This  shore  gravel  extends  south  under  Yreka  and  the  Shasta  Valley, 
and  has  been  worked  at  the  Blue  Gravel  ]Mine  west  of  Greenhorn 
Creek.  Greenhorn  Creek  itself  has  ])een  worked  by  dredging  with  fair 
success  and  on  the  upper  end  there  is  still  a  considerable  area  of  good 
gravel.  The  bars  of  Ilumbug  Creek  and  the  bars  of  the  Klamath  have 
been  worked  clear  through  as  far  as  Ilornbrook.  Not  very  much 
remains  on  Humbug  Creek  but  a  few  small  deposits  near  the  head. 
This  creek  is  tributary  to  tlie  Klamath.  ^Most  of  the  gravel  is 
su])angular. 

AVherever  any  gulches  have  cut  and  concentrated  the  old  shore 
gravels  the  work  has  been  profitable  on  both  sides  of  the  Klamath. 

At  Hawkinsville  a  large  area  of  shallow  gravel  has  been  worked  off 
by  hand.  The  gravel  is  from  one  to  ten  feet  deep  and  a  great  deal  of 
it  still  remains,  but  Avater  is  not  available  for  hydraulicking.  It  is 
possible  that  by  using  an  excavator  of  the  Hadsell  type,  some  of  this 
ground  could  be  handled  with  a  small  amount  of  water. 

On  Yreka  Creek,  south  of  Hawkinsville,  some  ground  still  remains 
which  appears  to  have  possibilities  of  dredging.  This  lies  north  of  the 
old  dredge  workings  on  this  creek.  The  town  of  Yreka  appears  to  be 
located  on  possible  dredging  ground,  but  in  order  to  handle  any  of  the 
area  in  this  vicinity,  a  resoiling  dredge  would  probably  be  required,  as 
the  present  holders  of  the  land  in  this  locality  do  not  wish  to  see  it 
ruined  in  the  same  way  that  it  has  been  near  Oroville. 

Further  down  the  Shasta  Valley  and  north  of  Scarface  Gulch,  and 
running  down  the  ridge  to  Granada,  is  an  old  channel  with  some  well- 
rounded  wash.  This  contains  gold  and  platinum  and  where  it  has  not 
been  eroded  might  ])ossi])ly  be  hydraulicked.  "Water  would,  however, 
have  to  ])e  brought  from  tlic  Trinit}'  Slope  to  cover  it. 
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SACRAMENTO  AND   PIT  RIVERS. 

The  Sjicrjiiiiciilo  l\i\(>i-  rises  in  the  inoiuilniiis  al)()\'(!  Ilic  northern 
l)()iiii(lai-y  of  Slwisia  Coiuily,  toiictlicr  witli  the  M(;(Jl()ud,  its  prin('ii)al 
tributary.  T\\v  Tit  Kivcr  lias  its  source  in  Modoc  (V)unty.  The  Sacra- 
incnto  flows  soutliward  tlirou^di  tlic  western  hall"  ol'  Shasta  County  in 
a  deep  canyon.  'I'lic  Pit  crosses  tlie  axis  of  the  Sierra  Range  and  joins 
the  Saei-amento  in  the  juidst  of  the  c()i)j)er  ])elt  of  Shasta  County.  The 
MeCh)U(l  discliai-.u'es  into  tlie  Pit  al)ove  its  confluence  with  the 
Saeranieiito. 

South  of  Dunsniuii'  and  extendinu'  to  Ke(hling  there  is  a  tremendous 
amount  of  gravel  on  the  Sacramento  River,  l)oth  creek  gravel  and 
ancient  shore  wash.  It  contains  little  value  and  is  not  of  great  economic 
importanc(\  Innnediately  above  Redding  these  gravels  are  being 
dredged  with  indifferent  success.  The  McCloud  and  Pit  river  gravels 
are  of  no  economic  importance,  althougli  of  considerable  extent.  The 
lava-capped  channel  is  exposed  on  the  Pit  River  near  Fall  River  IMills, 
Init  to  date  it  has  never  been  worked. 

At  Portuguese  Flat  and  near  La  JVEoine  the  low  bars  of  the  Sacra- 
mento were  once  worked,  but  with  the  exception  of  the  front  rims  did 
not  pay  very  well.  In  general,  these  gravels  may  be  dismissed  as  of  no 
economic  importance. 

In  the  eastern  portion  of  Sliasta  County  the  drainage  of  Deer,  Mill 
and  Battle  creeks  is  practically  covered  by  lava  for  hundreds  of  feet 
in  thickness.  For  this  reason  the  gravels  are  nearly  all  volcanic  pebbles. 
They  are  purely  Quaternary  channels,  and  no  gold  has  ever  been  found 
in  commercial  quantities  in  this  region.  The  same  condition  prevails 
down  Payne's  Creek  to  Red  Bluff. 

(roing  north  to  Redding  and  out  on  the  Alturas  road  we  come  to 
^lontgomery  Creek  Ranch.  A  little  successful  placer  work  was  done 
on  Montgomery  Creek  near  here,  but  as  a  rule  the  gravels  are  prac- 
tically barren.  At  Ilayden  Hill,  near  the  northern  part  of  Lassen 
County,  is  a  channel  of  intervolcanic  gravel  some  two  miles  in  length 
which  has  never  been  productive.  Beyond  Alturas,  on  the  east  side  of 
the  Warner  Range,  is  a  channel  near  Cedarville  which  has  been  pros- 
pected slightly  but  without  satisfactory  results.  This,  also,  is  volcanic 
Avash.  It  is  reported  that  a  deep  blue  channel  under  the  shoulder  of 
Eagle  Peak  in  this  range  contains  some  auriferous  gravel.  Coming 
down  from  Alturas  by  way  of  the  jMadeline  Plains  no  gravel  is  noted, 
the  whole  country  being  covered  by  lava  and  scoria.  Until  Long  Valley 
is  reached  no  extensive  gravel  deposits  are  noted ;  and  these  are 
Quaternary  and  of  no  commercial  value. 

The  western  portion  of  Shasta  County  is  about  the  only  auriferous 
drainage  of  this  part  of  the  Sacramento  River  Just  below  French 
Gulch,  and  including  the  town  of  French  Gulch,  considerable  ground 
on  Clear  Creek  might  be  worked  by  hydraulic  means  It  is  not  heavy 
ground,  but  lies  rather  Ioav  Four  miles  above  on  Drunken  Gulch  and 
Shirttail  Gulch  is  a  mile  and  a  half  of  channel  which  might  have 
hydraulic  mining  possibilities.  On  Clear  Creek,  successful  dredging 
has  been  prosecuted ;  also  on  Cottonwood  Creek.  Some  dredging  has 
been  done  near  Redding. 
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The  draiiui;^*'  on  llic  soulh  slmrc  <»l'  tin*  ( 'iTlarcmis  island  was  not 
altojxt'tliiT  contincd  to  liU  (Jran^c  clianricl.  which  prol)ahly  cnlrnMl  tin* 
shore  line  hclow  Ha\  foik.  This  shore  line  can  1m'  traced  from  Redding 
sontherly  and  westerly  below  ( 'enterville  to  l«:n  and  Ono  around  Ni«_ci,'er 
Hill  and  westerly,  ('lear  (reek,  enterin«r  the  ancient  sea  neai*  Igo, 
deposited  nnich  ri<'h  irravel  in  a  sort  of  delta.  The  old  Piet\  Hill  Mine 
still  contains  some  i;()od  hydi'anlic  ♦ji-ound.  The  (Jardella  dred»<es  ar(^ 
operatiiiL'  on  Clear  Crt'eU  irravd  at  a  i,m)0(1  j)i-i>tit.  There  ai'c  three  dis- 
tinct channels  at  I.ufo,  in  all  of  whicli  it  should  be  })!jssibl(?  to  sei^^regate 
some  areas  of  dredgeable  irround,  probai)ly  about  six  hundred  acres  in 
extent.  In  addition  to  this,  between  these  channels,  are  about  2500 
acres  which  may  be  <:ood  hydraulic  «rround. 

Oregon  (Juldi  producetl  a  concentration  of  shore  ^Travels  near  Center- 
ville.  This  was  vei-y  rich  with  much  shallow  rocker  ground.  The 
channel  h("adin«j:  up  on  Arbuekle  (iulch  produced  the  same  condition 
at  Xitrircr  Hill  and  at  Ono.  Near  the  shore  line  much  of  this  ground 
is  cemented. 

Cottonwood  Creek  in  Shasta  County,  particularly  the  north  fork, 
was  worked  on  its  front  rims  for  the  enrichment  produced  from  these 
ancient  shore  gravels.  The  dredger  that  is  at  present  operating  near 
Gas  Point  is  making  a  fair  platinum  recovery,  which  is  probably  caused 
by  the  erosion  of  the  Beegum  channel  on  the  Bald  Hills  into  Cotton- 
wood Creek.  This  channel  was  eroded  by  the  middle  fork  of 
Cottonwood  Creek. 

From  the  western  slope  of  the  Yolo  Bolo  ^fountains  down  Beegum 
Creek,  and  extending  along  the  Bald  Hills  toward  Gas  Point,  this 
channel  can  be  traced.  It  carries  some  gold  but  more  platinum  and 
iridium.  This  channel  has  enriched  the  present  Beegum  Creek 
wherever  it  has  crossed  it. 

At  Harrison  Gulch  some  local  enrichment  has  caused  the  formation 
of  good,  small  placer  diggings  below  the  town.  There  is  no  ancient 
channel  in  this  vicinity,  however. 

Section  2. 

FEATHER    RIVER    REGION. 

For  the  purpose  of  this  report  and  as  a  matter  of  convenience,  the 
gravels  in  the  drainage  of  Butte  Creek  and  of  Dry  Creek  will  be 
included  Avith  those  of  the  Feather  River  region.  The  drainage  of  all 
three  of  these  streams  in  their  lower  courses  is  through  bench  gravels 
and  undifferentiated  Quaternary  de])osits,  and  through  the  sands, 
tuffs  and  clays  of  the  lone  formation  higher  up.  However,  the  under- 
lying amphibolites  come  to  the  surface  and  it  is  in  this,  as  well  as 
in  the  Paleozoic  metamorphics  that  the  greater  portion  of  the  stream 
enrichment  has  occurred.  The  area  west  of  Big  Butte  Creek  is  largely 
covered  with  volcanics  of  Tertiary  age,  and  it  is  not  until  the  shore 
gravels  around  Centerville  are  reached  that  we  find  any  notable  con- 
centration of  gold.  Big  Butte  Creek  and  Litth'  Butte  Creek  have  both 
been  worked  since  the  early  days  of  California,  and  several  millions 
have  been  taken  out  from  them.  These  creeks  have  concentrated  the 
gold  from  two  well-defined  channels  which  entered  the  shore  of  the  old 
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Ci-clnccoiis  sea  Jicar  ('ciitorvillc.  Tlic  lower  portion  oi'  tlic  chaiiuels, 
due  to  the  di'lla  condition,  is  very  spotty,  and  the  pay  is  not  concen- 
li-atcd.  doini,'  up  from  ('ontorville  on  the  east  side  of  Bi^  Butte  Creek 
the  cliannol  down  the  Ninislunv  Kidoe  is  of  eonsiderabh^  iniportanee 
from  tlie  standi)oint  of  possible  diiftiufr  i^round.  Tliis  channel  extends 
from  Nimshew  throujrli  lliii)|)s  Mill,  Powelton,  Inskip  and  Chaparral, 
one  Imvnch  of  it  heading  up  neir  Mountain  ]\Ieadows.  This  brnnch  has 
becMi  worked  at  the  liend  of  Chips  Creek  and  Yellow  (■reek,  and  can  be 
traced  over  across  the  head  of  Chips  Creek  throui?h  Lotts  Mine.     Por- 


Photo  No.  21.    Hupp  Mine  on  Nimshew  Ridge. 

tions  of  this  mine  were  rich  and  there  is  still  some  good  gravel  in  it. 
Coming  down  above  the  Philbrook  Valle.v,  this  channel  was  worked  at 
the  Carr  and  Princess  mines.  Below  Powelton  it  crosses  a  wide 
porphyry  dyke  which  is  evidently  mineralized  and  contains  stringers 
and  benches  of  pocket  gold.  I^ndoubtedly  this  is  the  source  of  the 
principal  enrichment  of  this  channel.  Considerable  dredging  has  been 
done  and  there  is  still  some  operating  on  the  lower  reaches  of  Butte 
Creek,  Avhose  gold  is  mostly  derived  from  this.  The  age  of  the  main 
channel  is  probably  Cretaceous,  and  all  the  way  down  from  Powelton 
through  the  Nimshew  Ridge  a  large  portion  of  it  is  still  intact.    A  later 
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rlianncl  ol'  Tortiary  a«r(*  crossed  and  rccrossed  it  many  times  and  tills 
channol,  which  rcconccnt rated  the  ^'old  from  the  older  one,  was  in  its 
turn  cut  down  by  Biir  Butte  Creek,  and  was  the  source  of  most  of  the 
enrichment  of  that  stream.  Tpon  tliis  channel  three  or  four  successful 
drift  mines  have  ])een  ojierated.  but  as  they  generally  follow  the  smaller 
channel  in  from  the  exposui-cs  on  the  west  side  of  Nimshew  Kid<^e  and 
stay  close  to  tlic  west  rim  until  they  come  out  a^ain,  the  fact  that  the 
larjier  and  older  channel  existed  was  only  made  evident  at  the  P^mma 
Mine.  There  is  undoubtedly  a  chance  for  a  large  drift  mine  here,  which 
is  well  worth  investigatinir. 

Another  branch  of  this  same  channel  is  known  as  the  ]\Ia<ralia 
Channel.  The  junction  of  the  two  was  pr()))al)ly  in  the  neicrhborhood 
of  Centerville.  This  channel  runs  through  Mineral  Slide  and  a  trifie 
west  of  ]\Iagalia.  up  through  Lovelock  and  Sterling,  northeasterly 
through  Kimshew  Creek  and  Snow's  ^line  to  what  is  called  Table 
^Mountain.  Tliere  are  apparently  two  branches  of  its  drainage  in  the 
neighl).)rhood  of  Kimshew  Creek,  one  coming  through  the  Crane 
.Valley.  The  tributary  to  this  channel  above  Magalia.  known  as  the 
Perschbacker  Channel,  was  exceedingly  rich  and  about  two  million 
dollars  was  taken  from  it.  Undoubtedl>'  this  channel  receives  its 
enrichment  from  the  dyke  mentioned  before  in  connection  with  the 
Ximshew  branch.  This  dyke  runs  a  trifle  east  of  southerly  and  may  be 
traced  through  the  country  for  many  miles.  The  Magalia  branch  has 
not  been  worked  out,  largely  on  account  of  difficulty  of  operatincr  con- 
ditions. There  is  a  great  deal  of  water,  and  the  ground  is  hard  to 
hold.  A  very  expensive  tunnel  will  be  necessary  in  order  to  prospect 
this  channel  and  secure  drainage.  On  the  other  hand,  the  Ximshew 
is  accessible  by  means  of  short  tunnels,  exposures  of  well-washed 
gravel  are  seen  along  the  road  from  Ximshew  to  Centerville  and  break- 
outs from  this  channel  have  been  worked  at  the  Oro  Fino.  Indian 
Springs,  Rol)bers  Roost  and  Kohl  pro]>erties,  with  a  reported  pro- 
duction of  over  a  million  and  a  half.  On  Big  Butte  Creek  is  a  large 
amount  of  shore  gravel  which  might  possibly  j^ay  to  hydraulic  if  the 
debris  question  could  be  taken  care  of.  On  the  upper  portion  of  the 
Ximshew  branch,  near  the  summit  of  the  West  Branch  Divide,  in  Phil- 
brook  Valley,  and  on  the  Gravel  Range  are  the  headwaters  of  this 
channel.  Tributaries  of  subangular  gravel  come  in  from  Carr's 
di<jgings  and  the  AVesteott  ^line. 

The  JMagalia  channel  can  be  traced  northerly  by  its  rims  from  west 
of  ]\ragalia  through  Appleton's  and  past  Doon's  ?\Iill.  directly  under 
Sterling.  Xorth  of  here,  on  the  southwest  side  of  the  west  branch  is 
an  excellent  exposure  of  the  rims  and  gravel,  showing  the  ancient  wash, 
mixed  with  subangular  gravel  of  later  age  which  is  slightly  cemented. 
This  channel  continues  northeast  to  Table  ^Fountain. 

At  the  head  of  the  Dry  Creek  drainage  near  Cherokee  is  one  of  the 
most  baffling  channels  with  regard  to  origin  in  the  State  of  California. 
It  is  possible  that  it  originally  came  from  tln^  AValker  Plains  over  above 
Las  Plumas  to  Cherokee  and  south  under  Table  ^fountain.  The  rollinir 
hills  between  Oroville  and  Pentz  Ranch  are  covered  with  shore  gravels 
and  delta  gravels  from  the  Cretaceous  rivers  which  debouched  along 
the  shores  of  the  ocean.  Originally  a  region  of  low  relief,  the  uplift 
of  Jurassic  times  caused  very  rapid  erosion.     The  Cherokee  channel. 
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with  a  slioiM  1  ril)iil;ii-y  ;iIm)V('  I'ciilz  Kjincli,  is  all  that  is  Icfi  in  cliaiiiicl 
fonii  of  this  stream,  witii  the  ox('('i)ti()ii  ol'  all  tliat  l)uri(Hl  under  the 
Table  Mountain  basalt  Mow  and  a  small  section  above  F^as  T*lumas. 
Nevei'theless.  ()»-<'ti:on  (iuleh,  Chei'okee  (inleli,  Mori'is  Kavine,  and 
nnmei-oiis  othei-  i^nlehes  have  ])eeii  eiiriehed  i'fom  the  ei'osion  of  this 
ehaniiel.  The  |)a.\'  channel  is  over  a  thousand  feet  in  width  and  lias 
been  hydi-aulieked  at  the  Spi-in^-  \'alley  ]\line  for  a  mile  and  a  half  in 
length.  Coarse  ^'old  was  obtained  and  also  some  diamonds,  which  are 
peeuliar  to  this  ehamu'l  alone.  A  mile  and  a  half  of  possible  drift 
lii'ound  still  remains  near  Cherokee  and  probably  at  least  as  much 
under  Table  ^Mountain.  A  narrow  pay  streak  in  this  channel  prospects 
very  well,  and  a  leaner  streak  about  twenty  feet  above  will  run  about 
i^"!  to  the  yard.  AVhether  driftini>'  can  ever  ])e  made  to  pay  on  this 
channel  is  extremely  doubtful,  due  to  the  cost  of  handlin^^  water  and 
to  the  fact  that  the  pay  streaks  are  widely  distributed.  This  channel 
is  one  of  the  oldest  in  the  state  and  in  its  lower  portion  may  possibly 
be  of  preCretaceous  age.  It  extends  clear  through  the  South  Table 
^Mountain  almost  down  to  Oroville. 

Dredging  ground  around  Oroville  comprises  several  thousand  acres 
of  the  present  flood  plains  of  Feather  River.  The  width  varies  from 
one  to  two  miles.  The  average  depth  of  the  gravel  is  from  25  to  40  feet. 
The  gravel  rests  on  a  false  bedrock  of  volcanic  tuff,  and  is  at  the  present 
time  almost  entirely  worked  out.  The  upper  portion  of  the  Feather 
River  drainage  passes  from  the  amphibolites  into  the  Carboniferous 
slates  and  limestones  through  what  is  known  as  the  upper  gold  belt 
of  the  Sierras.  Of  the  Quaternary  gravels  of  the  Feather  River  little 
has  been  said.  They  are.  of  course,  concentrations  of  the  Tertiary  and 
earlier  systems.  Tn  the  lower  reaches  of  the  present  north,  middle  and 
south  forks  the  Cretaceous  and  Tertiary  channels  were  evidently  almost 
completely  broken  down  into  the  present  channels  and  reconcentrated. 
This  accounts  for  the  tremendous  enrichment  at  Bidwell  Bar  and 
smaller  bars,  such  as  Island  Bar,  Rich  Bar  and  Big  Bar.  In  every  case, 
the  breaking  down  of  an  earlier  channel  is  directly  responsible  for  this 
enrichment.  Along  the  courses  of  all  three  forks  of  the  present  river 
are  innumerable  benches  from  the  level  of  the  river  up  to  five  and  six 
hundred  feet  above  it,  which  would  pay  to  hydraulic  in  a  small  way, 
provided  water  could  be  obtained  inexpensively.  It  will,  of  course,  be 
impossible  to  enumerate  these  bars  individually  for  lack  of  space.  The 
only  gravels  whose  systems  will  be  traced  are  those  of  the  earlier 
channels. 

The  Oroville  Basin  has  been  so  frequently  studied  and  is  so  Avell 
worked  out  that  little  time  will  be  taken  in  describing  it.  The  reader 
is  referred  to  the  bibliography  for  the  results  of  many  excellent  detailed 
studies  of  this  region. 

Commencing  in  the  neighborhood  of  Brush  Creek  on  the  main  Pikes 
Peak  highway,  a  channel,  which  may  or  may  not  be  the  upper  extension 
of  the  Cherokee  Channel,  can  be  traced  through  Junction  House  and 
Merrimac  to  the  Walker  Plains.  There  seems  to  be  no  dou])t  that  this 
was  the  master  stream  which  corresponded  to  the  Feather  River  drain- 
age during  Cretaceous  and  Tertiary  times.  The  wash  is  mixed,  being 
largely  volcanic  with  a  considerable  proportion  of  white  quartz,  which 
probably  dates  from  Cretaceous  times.     This  channel  for  the  purpose 


(i(lLl)    I'l.ACKWS    OF    CALII'H.'N  I  \ 


lii:> 


of  (•(Uivciiicncc  we  will  call  Ihc  Mt.  Ai-ai-;il  ("lumiicl.  Ivisin*;  soiiicwiicro 
j»l)()V('  Spriiii:'  (lardcii  it  i^ocs  aci-oss  TlKniipsoii  Creek  near  llic  siiiiniiit 
of  the  Nelson  IN>iiil  Jxoad.  and  tliroiiuli  llie  (Mei-iiioiil  Hill.  Here  ii  was 
possibly  joined  by  a  sborl  lril)iilai\\  IVoiii  llie  east.  At  ( 'iei-iiionl  this 
ehaimel  divides,  to  be  reunited  at  Mt.  Araiat.  Two  dil'l'erent  eoui'ses 
ai"e  evidenll\'  of  distinetl.\-  (lilTerent  aizc  ( )ne  course  crosses  lieai* 
Creek  and  comes  uj)  on  Ml.  Arai'at  1o  tlie  east  of  the  ojdei-  cliannel, 
whicii  can  be  traced  tlirou'jli  the  north  side  of  Clei'inont  and  (»ut  by 
way  of  liunjj-arian  Hill,  and  tiie  head  of  M(d^\ii-land 's  Kavine,  where 
it  joins  the  fi'ont  channel  and  breaks  out  into  Willow  Ci'eek.  The 
erosion  of  this  channel  has  eni-iched  Willow  Ci-eek  from  this|)oin1  down 
to  the  middle  fork  of  the  Keath(>i'  Hiver.  A  tributary  comes  in  across 
Ilartman's  l^ar  where  it  has  been  broken  down  into  the  middle  fork  and 
cansed  considerable  eni'ichment.  An  unsuccessfid  attempt  was  recently 
made  to  min<'  a   hole   in   the  middle   t'oi'k  of  the   Feather  Ki\'er  at  this 


Photo  No.   25.      Fhinie  at   ^NToriiij^ton  ~S\\\\o  on   Middle   Foi'k  oi  Feather  lliver. 

point,  and  a  very  considerable  amount  of  money  was  wasted  without 
determining-  whether  any  values  existed  as  a  result  of  the  concentration 
of  this  channel.  This  can  be  traced  under  Franklin  .Mountain  on  the 
south  side  of  the  middle  fork.  Its  course  is  uncertain  beyond  Dog\vood 
Peak  and  may  possibly  be  trendino-  toward  Little  Grass  Valley.  The 
gravel  in  this  channel  is  well  rounded  and  probably  of  Cretaceous  age 
with  Tertiary  wash  on  top.  The  front  channel  has  some  possibilities 
for  hydraulicking,  and  the  back  channel  may  possibly  contain  some 
good  drift  ground.     It  is  practically  virgin. 

From  Mt.  Ararat  southwesterly  this  same  channel  can  be  traced  by 
way  of  the  Gravel  Range  and  the  Walker  Plains  above  IMerrimac.  That 
this  was  the  master  stream,  draining  the  present  Feather  River  country 
in  Cretaceous  and  Eocene  times,  seems  very  probable.  The  gravels  of 
the  Walker  Plains  and  on  the  head  of  ^Marble  Creek  above  ^Merrimac 
correspond  in  every  particular  to  those  of  Clermont  Hill,  l^elow 
Buckeye  and  ]\Ierrimac  the  erosion  of  this  channel  has  greatly  enriched 
the  gravels  of  the  tributaries  on  both  sides  of  the  I'idse  into  the  north 
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mid  middle  loi-Us.  Notably  this  is  iruc  oJ."  th(!  Mosquito  Creek  and  ^ky 
Hi*--!!  Jvidiics.  liclow  Sky  llij^h  on  the  middle  iiortli  fork  tlien;  is  eon- 
siderabhi  ehannel  f]:rave]  and  i1  cxlcnds  as  far  down  as  Turner's  Mill 
lu^ar  Bakl  Kock  Canyon. 

On  top  of  Clermont  llidj^c  liciivy  wash  <4ravel,  which  shows  for  a 
distance  of  about  two  mih's,  proves  tli<'  existence  of  the  above  mentioned 
channel,  i)rcsumably  the  e(iuivalent  of  tlu^  i)resent  middh;  fork  of  the 
Feather  Kiver.  A  great  deal  of  work  was  done  by  an  English  com- 
pany several  years  auo  in  aii  effort  to  pros|)ect  this  channel.  Two  long 
tunnels  were  driven,  both  of  which  in  the  writer's  opinion  parallel 
the  channel  instead  of  cross-cutting  it  and  both  were  too  high.  No 
results,  either  positive  or  negative  were  obtained.  The  proper  place  to 
prospect  this  channel  would  have  been  on  the  north  side  in  the  gulches 
just  ahove  the  turn-off  on  the  Meadow  Valley  trail.  This  is  undoubt- 
edlv  tlie  same  cliaunel  whicli  I'uns  under  ]\Tt.  Ararat  and  can  be  traced 


Photo  No.  26.      Derrick  at  Moring-ton  Mine  on  Middle  Fork  of  Feather  River. 


for  over  twenty  miles.  At  the  head  of  Gansner  Ravine  a  lower  channel 
goes  through  which  has  been  prospected  slightly  by  the  Laurison 
Tunnel  over  the  ridge  to  the  east.  This  channel  crosses  over  the  head 
of  ^lill  Creek,  and  is  said  to  be  traced  clear  over  to  Happy  Valley. 
Nothing  much  is  definitely  known  about  it.  It  is  supposed  to  have  come 
through  Hungarian  Hill,  where  it  was  worked  and  proved  to  be  fairly 
rich.     It  contains  very  heavy  wash. 

Tributary  to  this  main  channel  are  two  branches  which  come  in  from 
the  southeast  side.  Commencing  up  near  Fowler  Peak,  and  coming 
down  by  way  of  Browns  Hill,  Sardine  Gulch  and  the  ridge  .just  south- 
east of  the  present  middle  fork,  crossing  near  Cascade  and  Lava  Top, 
and  going  down  as  far  south  as  Lumpkin,  is  a  very  well-defined  channel 
from  which  the  lava  cap  has  been  largely  eroded.  This  channel  is 
probably  prevolcanic  and  of  at  least  Eocene  age.  There  are  several 
miles  of  possible  hvdraulic  ground  upon  it.  and  the  whole  is  covered 
with  excellent  timber.  The  great  difficulty  is  the  fact  that  it  Avill  be 
extremely  hard  to  get  water  on  it  under  sufficient  pressure  to  operate. 
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Walcr  NMMild  liiivc  lo  lie  l)i'(Hi«_rlil  I'fiMii  livr  lo  1<'ii  iiiilt'<.  I)iiiii|»  is 
cxcclliMil.  About,  the  only  work  now  hciii^^  doiH'  (Hi  this  cliaiiucl  is  at 
S]>onc(M-  Mine  al)ovo  Cnscndc.  This  was  roniici'Iy  owned  hy  Mi-.  Hcaii. 
It  consists  of  (M-osional  nialci-ial   from  the  orininal  channol. 

It  is  (Mitii-cly  distinct  iVoiii  the  Franklin  1 1  ill  and  Deadwood  l*eak 
ehannel,  which  crosses  tlie  pi'esent  middle  I'oi'k  above  Hartnian's  liai* 
and  i^^oes  aeross  AVillow  Creek  to  tlie  (Jravel  Kau«,^e.  This  same  channel 
has  been  eroded  ])elow  Lumi)kin  and  probably  enriched  the  Mooretown, 
Sucker  Creek  and  Enterprise  di^i^ings.  A  i)ortion  of  it  still  remains 
on  top  of  Kanaka  Peak,  which  has  been  recently  drifted. 

At  Cascade  this  channel  did  not  pay.  although  considerable  money 
was  spent  in  developing  it.  Higher  uj)  at  Browns  Hill  and  Sardine 
Gulch  considerable  money  was  taken  out. 

There  is  not  much  doubt  that  this,  like  the  Mooreville  Kidge  and  the 
Ararat  Channel,  formed  the  ancient  Feather  River  drainage.  There 
is  no  possibility  that  either  of  these  channels  were  drained  by  the 
Cretaceous  Yuba.  INIost  of  this  channel  could  be  readily  prospected 
with  a  drill,  as  it  is  on  the  wagon  road  as  far  up  as  Cascade.  A  branch 
of  the  Western  Pacific  is  now  being  run  to  Lumpkin  for  the  benefit  of 
large  timber  holdings  along  this  channel,  which  is  almost  entirely  in 
private  hands. 

Coming  down  from  Little  Grass  Valley,  a  channel  follows  the  ^loore- 
ville  Ridge  in  a  southwesterly  direction.  This  is  probably  of  at  least 
Eocene  age.  The  gravel  is  rather  light,  about  fifty  feet  thick,  and  in 
many  places  is  covered  with  pipe  clay  and  a  thin  basalt  cap.  The  Dod- 
son  Mine  is  the  principal  working  on  this  channel  and  paid  very  well 
as  a  hydraulic  mine,  although  drift  operations  showed  the  l)edrock  pay 
to  be  very  spotty.  This  channel  is  from  six  to  eight  miles  in  lenuth. 
and  appears  to  be  good  prospective  hydraulic  ground.  It  enriched  both 
the  south  fork  and  Lost  Creek  on  either  side  of  the  ridge.  After  reach- 
ing the  junction  of  the  south  fork  and  Lost  Creek,  the  crossing  of  this 
channel  is  probabh^  through  Field's  Ranch  toward  ]\Iooretown.  It  is 
not  absolutely  certain,  however,  that  it  did  not  follow  the  present  south 
fork  channel  and  that  it  might  possibly  have  been  eroded  into  it.  In 
the  ridge  on  the  southwest  side  several  gulches  and  creeks,  draining  into 
the  Feather  River,  have  been  enriched  with  well-worn  gold  of  about 
the  same  appearance  and  grade  as  the  Dodson  gold.  This  is  notably 
the  case  in  Robinson  Gulch,  which  produced  over  two  millions.  If  this 
channel  goes  under  Sunset  Mountain,  it  is  very  deep,  as  the  whole 
country  around  Forbestown  is  slide  country.  Its  presence,  however, 
seems  to  be  indicated  b}^  numerous  springs  which  maintain  the  same 
level  and  which  flow  the  year  round. 

Above  Strawberry  Valley  and  southeast  of  Lost  Creek  is  another 
channel  which  was  probably  drained  by  the  ancient  Yuba.  It  extends 
from  the  head  of  Sly  Creek  down  across  Owl  and  Eagle  Gulch  and 
through  Clipper  Mills.  This  channel  has  been  worked  since  the  early 
days  and  was  quite  productive.  Considerable  drift  ground  remains 
on  it  yet.  It  passes  out  to  the  south  before  reaching  Woodleaf  and 
may  possibh^  connect  with  the  fork  of  the  Yuba  which  comes  out  east 
of  Challenge. 

Coming  back  to  the  country  around  Mountain  Meadows,  we  find  a 
very  important  channel  which  has  its  origin  near  Prattville.     This 
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cllJlllllcl  is  (li\i(l('(l  iiilo  Iwo  |),irls.  'V\\ry  jirc  exposed  on  llie  easj,  sidi; 
ol'  l>;ii'kei-  l\<-iviiie  al  ('iiiiiiiiiiii;s  ilill  and  in  llie  (ireal  Western  Power 
Conipany's  lnnn(>l  IVom  linll  N'alley  1o  Ahnanor.  Startin*,'  near  Lake 
Almanoi-,  the  ei-ossinu'  is  hy  way  ol"  l*i"attville  and  ('innminjifs  Hill, 
where  the  eliannel  is  heiit  by  ranltin<^.  From  liere,  ai'ound  the  head  ot* 
l^ai'kei-  I\*avine.  the  lop  f^'ravel  was  liydranlieUed  fifty  years  a^'o  and 
eoiitiinied  aronnd  lhr()\ii>li  Dutch  Hill.  1'lie  front  channel  was  all 
drifted  out  here,  ])ut  the  back  ehaniiel  remains.  .AFakino-  a  sharp,  rit^ht- 
anjiie  tui-n,  it  passes  down  nnd(»r  the  ridue  l)eh)w  Dntcli  Tlill  and  out 
thi'ouuh  i\w  Snnnyside  ^line.  'I'he  gravel  is  two  hundred  feet  deep, 
but  only  the  l)ott()ni  portion  is  uood  pay.  It  is  lava  capped  all  the  way 
down.  Tiiere  is  an  opportunity  for  a  large  drift  mine  here,  working 
either  through  the  Kelley  or  the  Cameron  ground  deep  enough  to  ])ot- 
tom  the  whole  channel.  At  the  Sunnyside  the  pay  is  rpiite  consistent 
and  from  60  to  220  feet  wide.  Another  channel  crosses  high  up  on  the 
liead  of  Chips  Creek  and  Yellow  Creek.  Tliis  is  also  prevoleanic  and 
goes  down  from  Humbug  Valley. 

In  this  same  region  the  Glazier  Channel  comes  down  from  the  present 
Lake  Almanor,  on  the  east  side  of  the  north  fork  of  the  Feather  River, 
crosses  about  two  miles  below  the  lake,  and  comes  down  the  west  side 
below  Seneca,  where  it  is  probably  eroded  by  the  present  north  fork. 
Lower  down  under  Red  iMountain  it  appears  again  on  the  east  side  of 
the  river.  This  eliannel  is  comparatively  recent  and  starts  only  sixty 
feet  above  the  present  north  fork.  Lower  down  near  Seneca  it  is  two 
hundred  feet  higher  than  the  present  river.  In  many  places,  as  at  the 
Scott  Mine,  a  great  deal  of  very  good  hydraulic  ground  is  still  left, 
although  as  a  drift  channel,  it  has  never  paid  well. 

^lost  of  the  gravel  left  around  Belden,  aside  from  the  main  Feather 
River,  is  contined  to  Chips  Creek,  ]\Iosquito  Creek  and  Mill  Creek.  At 
the  head  of  Chips  Creek  is  apparently  an  old  channel  ^\'ith  very  heavy 
wash.  Lower  down  the  creek  the  channel  of  the  present  stream  w^as 
extensively  worked  in  the  early  days.  The  same  ancient  channel  prob- 
ably crosses  the  head  of  Yellow  Creek.  ]Mosc(uito  Creek,  while  very 
short,  has  probably  more  virgin  ground  suitable  for  drifting  by  the 
small  miner  than  any  area  in  this  country.  The  type  of  gold  now  being 
produced  is  very  heavj^  and  the  wash  seems  to  be  much  lighter  than 
that  of  Chips  Creek. 

On  INIill  Creek  are  still  several  large  areas  of  gravel  w^hich  are 
unprospected,  extending  dow-n  from  near  Mountain  House  to  the  mouth 
of  the  creek.  This  creek  was  undoubtedly  fed  from  a  channel  which 
can  be  noted  on  the  Spanish  Creek  side  which  passes  through  Bean  Hill 
and  Kanaka  Flat.  Some  of  this  ground  is  said  to  pay  very  well 
even  yet. 

On  the  main  north  fork  of  the  Feather  and  on  Indian  Creek,  which 
is  locally  called  the  east  branch,  are  many  small  areas  of  gravel  from 
one  hundred  to  five  hundred  feet  above  the  river,  w^hich  w^ould  still  pay 
to  hydraulic,  but  are  not  individually  of  any  great  extent.  In  Round 
Valley,  above  Greenville,  there  is  a  local  concentration  of  subangular 
gravel  which  is  said  to  be  rich. 

About  twelve  miles  southeast  of  Quincy,  Nelson  Creek  empties  into 
the  middle  fork.  The  bars  on  either  side  of  the  creek  have  been  worked 
for  many  years,  as  well  as  the  bed  of  the  creek.     The  middle  fork  at 
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tills  ixtiiil  wjis  cxccul  ioiiiilly  rich  in  tlic  cjii'lv  djivs  ;iii(l  \\;is  wmkcd  Jo 
a  irri'at  cxtciil.  iiicliKliiiL:'  llic  liiirlici*  l>;irs  on  rillici-  side  Ai)par('iitly 
tluM'o  arc  innncroiis  siii.ill  areas  of  •jfi'avcl  still  Icl't  on  Xrlson  ('reck  at 
])oiiits  lit'ty  to  one  liundrcd  feet  ahovc  the  bed  oi"  the  j)i*('S('ni  stream, 
which  are  still  beiiijr  mined.  Some  heavy  ijold  is  hein^  taken  out  on 
these  short  seetions.  jMost  of  these  bars  can  best  be  worked  by  drift inpr. 
The  wash  is  very  lieavy.  The  bedrock  ^■ari<'s  from  a  block  schist  to  a 
soft  schist  and  shite.  l*racticall\-  all  of  this  territory  is  in  the  Paleozoic 
metamorphies.  Considerabh'  woi-k  has  also  been  done  on  Willow  Creek 
above  Nelson  Point,  ])ut  there  is  still  a  «:ood  deal  of  fri-ound  which 
apparently  lias  not  been  prospected.  At  Nelson  Point  the  Panly  Ranch 
undoubtedly  contains  a  short  turn  of  the  middle  fork  which  is  nearly 
half  a  mile  in  leuizth  aiul  which  is  said  to  be  still  intact.  If  this  is  the 
case,  there  is  a  i)ossibility  for  some  good  drift  trround  here,  as  all  of 


the  hig-li  bars  of  the  Feather  River  in  tliis  region  paid  very  well  in  the 
early  days. 

The  region  in  the  neighborhood  of  Quincy  and  ]\Ieadow  Valley  has 
been  gTeatly  complicated  by  Pleistocene  faulting,  which  has  made  it 
exceedingly  difficult  to  correlate  any  of  these  channels.  ^Meadow  Valley, 
which  is  believed  to  have  been  formed  at  the  close  of  the  ^Miocene  period 
by  a  down-throw,  was  in  Pliocene  and  Pleistocene  times  probably  a 
glacial  lake,  fed  by  streams  of  Pleistocene  age.  It  is,  ronghly.  an  area 
of  four  or  five  scpiare  miles,  practically  all  covered  by  gravel  from  three 
to  eighteen  feet  thick.  The  main  feeders  of  the  present  valley  are 
Wanpanse  Creek  and  Spanish  Creek.  Gravel  has  been  worked  on  all 
sides  of  this  valley,  and  it  seems  possible  that  the  main  valley  might 
have  some  ground  suitable  for  a  very  light  dredge  or  for  a  Ruble 
grizzly.  AVater  for  the  latter  could  l)e  obtained  from  Spanish  Creek 
for  three  or  four  months  of  the  year,  in  excess  of  the  requirements  of 
the  Spanish  Creek  sawmill,  which  holds  first  water  rights. 

The  Australia  ^Mining  Company  recently  operated  a  mine  on  Wan- 
panse Creek  by  the  hydraulic  process.    The  gravel  and  overburden  were 
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;il)()ul  ;i  hundivd  feet  in  (l('|Mli.  Willi  llic  ("\(n'i)ti()ii  ol'  ahout,  six  feet  of 
blue  gravel  on  the  hot  loin  of  IIk;  clninnel,  most  of  the  gravel  was  suh- 
anuuhir  and  was  prohahly  hile  wasli.  Operations  in  1921  j,aiV(;  a  total 
recovery  of  about  two  cents  per  yard.  Apparently  much  fine  gold  was 
lost  ()n  account  of  the  ^M*ade  which  was  driven  to  the  sluices.  The  miners 
in  this  region  persist  in  usinii:  from  twelve  to  sixteen  inches  of  ^'rade  p(!r 
tvv^elve-foot  box,  re^^ardless  of  the  width  of  sluice  or  ({uantity  of  muddy 
v.-iter  that  may  be  used.  This  is  all  i-ij^dit  for  heavy  "(ild,  but  tlie 
l>r()cess  used  in  northern  (■alifornia  with  five-  to  nine-inch  tirades  foi- 
saving-  fine  gold,  aceoi'ding  to  the  writer's  experience,  produces  much 
better  results. 

On  the  oi)posite  side  of  Waupanse  Creek  lie  the  old  Gopher  Hill  dig- 
gings, closed  down  by  the  Debris  Commission  about  1895.  Most  of  the 
dei)ris  from  this  mine  was  left  on  the  dumps,  only  the  very  fine  pebbles 
and  silt  going  down  Spanish  Creek.  This  region  is  very  well  worked  out. 


Photo   No.    23.     Gopher   Hill   Diggings. 

The  Australia  channel  is  supposed  to  come  down  from  the  old  Pine 
Leaf  diggings,  and  is  about  two  miles  long. 

On  the  southwestern  end  of  Meadow  Valley  are  numerous  small 
deposits  of  subangular  gravel,  most  of  Avhich  are  probably  lacustrine 
in  origin.  The  most  notable  of  these.  Scad  Point,  is  reported  to  have 
produced  about  a  hundred  thousand  dollars.  Operations  on  this  end 
include  the  Hazel  and  the  Dead^vood  mines.  The  Channel  Peak  INIine 
on  the  west  side  of  Spanish  Peak  ma}'  possibly  be  a  continuation  of  the 
old  channel  which  crossed  at  the  head  of  Mill  Creek  above  Belden. 
This  is  probably  one  of  the  Neocene  feeders  of  the  area  previous  to  the 
down-throw  of  Meadow  Valley.  This  channel  on  Spanish  Peak  is  about 
two  miles  long,  and  is  covered  with  a  very  heavy  pipe  clay. 

On  the  northwestern  side  of  the  valley,  coming  up  Spanish  Creek 
and  its  tributaries  to  Mountain  House,  is  a  channel  system  which  is 
prevolcanic,  and  is  probably  one  of  the  most  important  streams  of  this 
area.  A  well-defined  channel,  notable  by  the  white  quartz  which  pre- 
dominates, can  be  traced  through  from  Bean  Hill  clear  over  to  the 
north  fork  of  the  Feather.     It  is,  of  course,  broken  in  many  places  by 
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orosidii.  IMosl,  of  I  lie  l.Mv.i  ('i\\)  Iims  been  ln-okcii  down.  A  coiisifh'rablo 
])orti()n  of  tliis  cliaimcl  is  still  iindnJ'li'd  and  is  the  property  of  the 
Spaiiisli  IVak  Lnnilior  Company.  Water  for  oporatiii<,'  ^vould  have  to 
be  brouufht  from  S]);inish  ('reek.  This  cliainicl  is  about  a  hundred  feet 
deep,  the  top  portion  l)ein»r  wliite  gravel,  wliieli  at  ]iean  Hill  proved  to 
be  veiy  iHK)r.  J)riftiuij:  operation  in  the  red  p:ravel  close  to  bedroek 
appears  to  show  much  bett(u*  values.  Following  up  Spanish  Creek 
below  Mountain  House  there  ai'e  ^uleh  digffinj^s  which  were  evidently 
rich  enouf]:h  to  be  extensively  worked,  and  below  Mountain  House  is 
Kanaka  Creek  and  Maple  Flat,  which  in  1875  or  thereabouts  supported 
many  men.  Most  of  tliis  crravel  appears  to  have  been  a  concentration 
from  the  main  channel  which  pfoes  over  toward  the  north  fork  of  the 
Feather.  It  may  have  been  a  concentration  of  this  channel  or  it  may 
still  be  possible  to  develop  a  good  drift  mine  on  Kanaka  Flat.  The  old 
ditches  are  still  in  existence  and  plenty  of  timber  is  available. 

It  will  be  noted  that,  while  much  of  the  gravel  surrounding  the 
valley  is  recent  and  of  lacrustine  origin,  there  are  still  two  main 
channel  systems  of  prevolcanic  times  whicli  have  furnished  most  of  the 
gold  which  has  been  taken  from  the  ^Teadow  Valley  and  Spanish  Ranch 
district.  A  reported  production  of  twenty-four  million  dollars  lias 
been  taken  from  this  region.  On  both  of  these  channels  areas  of 
undrifted  ground  are  still  left,  sections  of  which  might  be  worth  while 
prospecting. 

The  American  Valley,  in  which  Quincy  is  situated,  has  been  pros- 
pected only  slightly.  The  ground  is  too  deep  for  dredging  and  too 
heavy  and  full  of  water  for  drifting  except  at  great  expense.  Agassiz 
and  Shaw  attempted  to  work  the  bedrock  of  Spanish  Creek  over  twenty 
3^ears  ago  but  met  with  complete  failure  after  the  expenditure  of  a 
great  deal  of  mone}^  Shafts  sunk  by  local  prospectors  in  the  tributary 
branch  of  the  valley  have  given  much  better  results.  One  shaft,  sunk 
in  the  northern  portion  of  the  valley  below  Elizabethtown  Flats,  is 
reported  to  have  yielded  two  hundred  thousand  dollars. 

On  Rock  Creek,  which  is  a  tributary  of  Spanish  Creek,  and  on  Slate 
Creek  is  the  Plumas  Imperial  property.  The  main  channel  comes  down 
between  both  of  these  creeks  on  the  ridge.  A  face  1500  feet  wide  was 
worked  some  twenty-five  years  ago  by  I\Ir.  Hazzard,  who  then  owned 
the  property.  This  face  shows  that  a  portion  of  the  channel  is  a  light 
cemented  gravel  similar  to  the  Channel  Peak,  and  may  have  been  left 
there  by  the  major  down-throw  which  caused  the  formation  of  INIeadow 
Valley  at  the  close  of  Neocene  times.  The  remaining  portion  of  the 
channel  is  a  fine  gravel  of  probably  Pleistocene  age.  The  dump  into 
Rock  Creek  is  excellent  with  good  impounding  facilities  in  the  basin. 
There  was  apparently  ample  Avater  for  operations  with  a  head  of  450 
feet.  This  ground  is  now  owned  b.y  the  Spanish  Peak  Lumber  Com- 
pany, Above  this  on  Slate  Creek  two  other  channels  seem  to  have 
emptied  into  the  main  channel,  but  were  eroded  at  the  point  of  junction 
down  into  the  basin,  which  has  never  been  bottomed.  One  channel 
comes  down  Quigiey  Ravine  and  has  been  worked  since  the  earliest  days. 
The  other  comes  down  Slate  Creek.  In  this  basin  there  is  a  possible 
chance  for  a  hydraulic  mine,  as  the  basin  could  be  bottomed  by  a  four 
or  five  hundred  foot  cut  up  Slate  Creek,  and  from  this  basin  both 
Quigiey  Ravine  and  Slate  Creek  gravels  could  be  worked.     The  basin 
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iiicnt  ioiu'd  roniicd  ;i  ii;iliii-;il  coiiccnj  i-nlioii  hjisin  I'oi-  the  ^old  from 
these  flunuicls.  'I'hc  tiravcl  above  lliis  basin,  wIh'M  liy(lrauli(;ked,  is 
reported  to  have  paid  Jf^l.T)!)  a  yard.  Tlien^  is  also  an  exceHent  oppor- 
tunity for  dririin<j:  on  the  Kock  ('reek  side,  as  tlie  ])ay  in  this  portion 
of  the  eliannel  is  confined  to  a  nairow  width. 

On  Mill  Creek,  east  of  (^uiiieN',  an  area  oi"  uravel  al)out  a  (plainer  of 
a  mile  lont?  on  the  middle  fork  is  now  beinjj^  prospected  by  a  bedrock 
tunnel  some  six  hundred  feet  in  len^i^th  from  which  raises  are  beinj? 
made  to  the  ancient  channel.  Below  on  this  same  property  is  a  flat 
which  lias  never  been  worked,  which  looks  like  a  concentration  from 
this  same  channel.  Farther  down  on  the  same  creek,  where  it  empties 
into  the  American  Valley,  is  a  large  area,  which,  if  the  boulders  are  not 
too  heavy  and  the  £»'round  is  not  too  deep,  mif^ht  possil)ly  have  an 
opportunity  for  dred.iiin<^'. 

North  of  Quincy,  J^ushman  Gulch,  which  enters  Black  Hawk  Creek 
on  the  southwest,  has  been  woi-ked  since  the  early  days.  At  the  head 
of  the  oulch  the  channel  extends  for  over  a  mile.  The  whole  gulch, 
including  tailings,  would  j)r()bably  j)ay  to  hydraulic.  At  the  top  of  the 
gulch  three  shafts  have  been  sunk  to  bedrock  at  a  depth  of  nearly  one 
hundred  feet.  This  l)edrock  is  higher  than  the  main  channel  and  may 
be  either  a  fault  block  or  a  bench  which  has  not  been  eroded.  In  order 
to  tap  the  main  channel  with  drifting  operations,  a  tunnel  1800  feet 
long  was  run  about  thirty  years  ago,  which  is  twenty-two  feet  above 
the  bottom  of  the  channel.  A  new  tunnel  at  about  fifty  feet  greater 
depth  would  bottom  this  channel  and  permit  drifting  virgin  ground 
for  nearly  a  mile  which  is  locally  supposed  to  be  good.  This  tunnel 
would  be  rendered  much  shorter  by  first  stripping  the  gulch  to  bed- 
rock by  hydraulic  methods.  Excellent  impounding  space  and  dump 
exist  in  Black  Hawk  Creek,  and  plenty  of  water  is  available  in  the 
old  Bushman  ditch.  Possibly  the  best  place  to  get  in  to  the  Bushman 
channel  for  extended  working  would  be  over  on  the  Black  Hawk  side. 
A  tunnel  about  a  thousand  feet  in  length  should  give  access  to  the 
entire  channel,  as  both  rims  are  visible.  For  the  upper  ground  a  short 
tunnel  could  be  driven  below  the  present  shafts.  Part  of  this  ground 
paid  from  five  to  ten  dollars,  but  a  portion  of  it  is  still  unworked. 
Lower  down  on  the  channel  the  gravel  is  said  to  be  practically  intact. 
This  portion  would  be  best  reached  from  the  Black  Hawk  side. 

The  greater  part  of  the  Quincy  district  is  composed  of  slates  and 
quartzites  of  the  Calaveras  formation.  Clermont  Hill  is  capped  by 
basalt.  West  of  Clermont  Hill  the  contact  is  with  an  amphibolite 
schist.  Farther  north  the  contact  is  with  the  Calaveras.  All  the  region 
from  Clermont  to  the  northwest  of  Thompson  Valley,  including  the 
rock  under  the  alluvial  deposits  of  American  Valley,  is  composed  of 
Calaveras  formation.  American  Valley  and  Thompson  Valley  are 
covered  by  recent  alluvial  deposits.  American  Valley  represents  a 
basin  filled  with  gravel,  sand  and  other  sediments,  deposited  by  large 
creeks  emptj^ing  into  it.  The  Calaveras  formation  was  deposited  in 
Carboniferous  times  and  is  the  oldest  formation  in  the  district.  This  is 
immediately  overlain  by  the  youngest  formation,  which  is  the  alluvial 
deposit  of  American  Valley. 

In  American  Valley  Pleistocene  gravels  are  found  between  Quincy 
and  Meadow  Valley,  several  hundred  feet  above  the  present  canyon  of 
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Spanish  Cvrck  on  tlir  norlli  side  ol'  IIk-  stream.  Anici-i<-an  Vallcs'  was 
cvidcntlv  a  lak<'  nnlil  a  sliniM  lime  al'lcr  llic  dislocalion  a1  Ili<'  dnsc  nf 
tlio  Neocene  |)erin(l.  (Jravcis  in(licalin«i  an  ontlel  aiT  fonnd  ncai' 
Klizalx'tlitown.  'I'lie  ii:rav('l  corresponds  to  some  small  remnants  oi* 
l)eneh  travel  abont  iive  Innulred  I'eet  ahove  tlie  i)i'es('id  hotiom  of  Lower 
Spanish  Creek.  This  ontlel  was  later  abandoned  by  Spanish  ('reek  in 
the  linleh  from  Kli/.abethtown  to  American  Valley.  Anriferons  deposits 
of  hiter  channels  are  fonnd  (li'ainin«i-  toward  American  \'alley. 

^lost  of  the  prevolcaiiic  streams  of  the  Sierras  appear  to  have  had  a 
general  southwesterly  drainajxe  into  the  iidand  sea  of  the  Sacramento 
Valley.  Upon  the  i)resent  draina^'e  of  the  Feather  River,  there  is 
evidence,  however,  of  a  stream  which  flowed  northerly  and  westerly 
toward  IMonntain  IMeadows  and  was  of  considerable  extent.  This  has 
been  named  the  Jura  Hiver.  Two  main  branches  of  this  stream  have 
channels  which  are  distinct  and  well-defined.  The  westerly  branch  is 
first  noted  in  the  jNFohawk  Valley.  On  the  south  side  of  this  valley  there 
is  evidence  of  a  channel  apparently  prevolcanic,  which  is  exposed  at 
•the  Jackson  and  the  AVilson  diii^in^s  on  Sul])hur  Creek.  This  channel 
contains  a  dec])  wash  Avithont  volcanic  peb])les,  much  like  the  wash  of 
the  ^McCray  Kidiic  but  not  so  heavy.  It  may  ])ossibly  be  a  ])ortion  of 
the  same  system  which  was  thrown  down  by  the  INFohawk  Valley  fault. 
]\lore  probably,  however,  it  is  a  i)ortion  of  the  Jura  channel,  which 
flows  along  the  north  ed,2:e  of  the  valley.  This  channel  comes  throut2:h 
from  above  Clio  and  around  by  Blairsden.  Continuing  on  under  the 
southern  base  of  Jackson  Peak,  it  extends  northwesterly.  Up  above  the 
lumber  mill  at  Cromberg  there  is  evidence  of  hydraulicking  done 
seventy  years  ago  on  this  channel.  Below  Jackson  Peak  the  channel  is 
well-defined  with  some  intervolcanic  wash  and  some  older  gravels, 
extending  all  along  the  northeast  side  of  the  oMohawk  Valley.  The 
channel  joasses  through  the  TefiPt  ]\Iine  and  over  the  head  of  Long 
Valley  and  Little  Long  Valley  to  Grizzly  Rock  above  Squirrel  Creek. 
From  there  on  it  makes  its  way  on  the  south  side  of  Grizzly  Valley 
to  the  Cascade  ]\line,  and  then  on  down  Grizzly  Creek  toward 
Genesee  Valle.y.  There  has  not  been  much  drifting  on  this  channel, 
although  the  gulches  intersected  by  it  have,  in  almost  every  case,  been 
ground-sluiced  or  hydraulicked.  A  great  deal  of  hydraulicking  was 
done  above  Lovejoy's  at  the  Cascade  ]\Iine.  From  here  on  the  channel 
is  practically  eroded  into  Little  Grizzly  Creek  which  it  has  enriched  all 
the  way  down,  resulting  in  the  Grizzly  Creek  placers. 

This  channel  crosses  Indian  Creek  somewhere  below  Genesee  and 
appears  again  a  mile  northeast  of  ]\Iount  Jura  at  Taylor's  diggings, 
where  apparently  the  soutliAvestern  rim  has  been  worked.  The  gravel 
here  is  clearly  prevolcanic  in  character.  At  Taylor's  diggings  the 
channel  goes  deep  under  the  ridge  and  crosses  the  heads  of  Light's  and 
Cook's  canyons  southwest  of  Kettle  Rock  and  through  Moonlight 
Canyon.  From  here  on  it  empties  into  IMountain  ]\Ieadows,  where  it 
winds  out  into  a  very  deep  channel  which  is  probably  a  delta.  On  the 
rims  of  this,  and  especially  above  here  in  ^loonlioht  Canyon  and  Light's 
Canyon,  much  gold  was  taken  out  in  the  early  days. 

The  main  branch  of  the  Jura  River,  however,  was  a  much  longer  and 
wider  course  to  the  north  and  east  of  the  one  described.     This  emptied 
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into  llic  o.'c.'iii  iiiiicli  r.-irllh'i'  iiorlli  lli;iii  .Moiiiihiiii  McjhIows,  bniiijj^ 
;il)(Mit  wlici'c  l)ii('k  Ijakc  is  now.  ^Tlic  lower  ciid  is  complclcly  cov^ored 
by  .'I  x'olcanic  caj).  'I'lic  licad  walci's  ol"  jliis  cliaiiiu'l  wci'i^  |)i'()])ably 
sonio\vli(M-(»  iicai-  Jjoyaltoii  and  aro  chM'ply  biu'icd  iiiidei-  llio  I/lcistoconc 
wash  of  Sierra  Valley.  It  crossed  somewhere  above  Ik'ckvvith  and 
can  be  i)i(^ked  up  above  tlie  road  on  lied  (Mover  Creek  a  few  miles  from 
there.  From  liere  on  it  ean  be  trailed  on  tbe  sonthwest  side  of  Red 
Clover  Valley  around  the  east  side  of  Mount  Jn^ells  and  across  Sqnaw 
Creek  and  Indian  Creek  a  considerable  distance  above  Genesee.  It 
passes  north  of  Kettle  Rook  and  tbronsjh  by  Diamond  Mountain  where 
it  lias  l)een  bent  from  tlie  Honey  Lake  fault,  thereby  giving  the  impres- 
sion of  a  southward  flowing  channel.  It  passed  west  of  Susanville  and 
crosses  the  road  not  Yovy  far  from  Westwood.  Its  course  can  be  clearly 
traced  through  the  V/alker  Ranch  as  far  as  Duck  Lake.  A  branch 
probably  came  in  at  the  head  of  Lone  Rock  Creek,  which  crossed  high 
up  on  Indian  Creek.  The  fact  that  this  is  the  older  course  of  the  river 
is  evidenced  by  the  age  of  the  fossils  found  w^est  of  Susanville,  whereas 
the  western  branch,  descril)ed  before,  shows  fossils  that  are  much 
younger.  For  this  reason,  it  seems  possible  tliat  a  diversion  may  have 
been  caused  by  the  Honey  Lake  faulting,  thereby  changing  the  stream 
from  an  older  to  a  later  bed.  Possibly,  howevin*,  there  was  a  .i auction 
of  these  two  channels  at  the  delta  near  Stockton's  Ranch.  The 
immense  amount  of  gravel  herie  is  probaT)ly  more  largely  due  to  the 
eastern  branch  than  to  the  western,  which  is  comparatively  small.  This 
channel  can  clearly  be  traced  as  an  entirely  separate  stream  from  that 
of  the  Mohawk  Valley  until  the  possible  junction  above  mentioned. 

In  addition  to  the  gravels  already  discussed  under  the  head  of  the 
Feather  River,  there  are  certain  sections  of  channel  which  undoubtedly 
drain  southward  toward  the  old  Cretaceous  Yuba.  Commencing  above 
Mohawk  Valley  on  the  ridge  dividing  Jameson  Creek  and  the  east 
fork  of  Nelson  Creek,  which  are  both  tributary  to  the  Feather  River, 
there  is  a  chpnnel  called  the  McCray  Ridge  Channel,  which  is  still  very 
largely  virgin,  and  in  many  places  is  heavily  lava-capped.  There  are 
excellent  opportunities  for  drifting  on  this  channel,  and  the  work  at 
the  Sunnyside  Mine  has  proved  the  values  contained  therein.  The  first 
trace  of  this  channel  appears  above  Squirrel  Creek  in  the  Mohawk 
Valley.  Crossing  over  to  the  west  side  of  the  ridge,  it  breaks  out  on 
the  head  of  Jameson  Creek,  and  can  be  seen  all  the  way  down  from  the 
crossing  of  the  Johnsville-La  Porte  Road  for  four  or  five  miles  down 
to  the  Sunnyside  Mine.  This  channel  carries  a  great  deal  of  water  and 
is  Cretaceous  in  its  age,  the  original  channel  being  without  volcanic 
wash.  On  this  ridge  there  is  at  least  four  miles  of  virgin  channel.  It 
is  one  of  the  most  important  channels  in  the  district  and,  judging  from 
what  was  done  at  the  Sunnyside  Mine  above  Rattlesnake  Peak,  it 
contains  good  values. 

About  a  mile  north  of  Rattlesnake  Peak  a  flow  of  the  j^ounger  basalt 
crossed  the  McCray  Ridge  Channel  and  forced  a  large  portion  of  the 
gravel  down  the  hill.  This  was  discovered  in  1882  and  worked  by 
hydraulicking  as  the  Sunnyside  Mine.  In  ten  years  upwards  of  ninety 
thousand  dollars  was  taken  out  in  the  handling  of  some  twenty-five 
thousand  yards  of  gravel.  There  still  remains  nearly  ten  times  as  much 
gravel  here,  which  seem.s  suitable  for  hydraulicking.     The  great  diffi- 
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oiilty.  liowever,  lies  in  getting  sufiicient  water  on  the  ground  to  handle 
the  material  to  the  greatest  advantage.  In  the  early  days  wliatever 
watt'r  came  down  in  the  spring  a.nd  fall  was  impounded,  and  as  mueh 
as  two  thousand  dolhirs  taken  out  witli  twenty  days'  work  for  oik*  man. 
This  gravel  has  undoubtedly  been  pushed  out  from  the  McCray  Ridge 
Cliannel.  A  tunnel  was  run  in  about  850  feet  to  tap  this  channel  but 
was  too  high.  A  shaft  was  sunk  at  the  end  of  the  tunnel  ninety  feet 
to  bedrock,  but  there  was  not  a  very  thick  streak  of  pay  gravel.  About 
twelve  carloads  taken  from  this  streak,  amounting  to  only  about  four 
cubic  yards,  ])efore  the  water  from  the  channel  drove  the  operators 
out  produced  $150.     Tlie  irold  was  heavy,  as  was  that  in  tlie  hydraulic 


Photo  Xo.  27.    Gibraltar  Mine,  Sierra  County. 

diggings  below,  the  largest  piece  being  over  $3,000  in  value,  from  the 
Sunnyside  Hydraulic  Mine.  The  channel  swings  southwest  across  the 
Burnham  ground,  adjoining  the  Sunnyside,  and  goes  on  under  the 
east  slope  of  Rattlesnake  Peak,  as  the  rims  can  be  traced  over  half  a 
mile  at  this  point.  Beyond  the  Avest  slope  of  Rattlesnake  Peak  is  the 
Gibraltar  Mine.  It  is  working  on  the  gi'avel  which  is  probably  another 
run  of  this  same  channel.  Considerable  heavy  gold  has  been  taken  out. 
On  the  south  fork  of  Xelson  Creek,  whieh  Strains  into  the  middle 
fork  of  the  Feather  River,  there  is  evidence  of  a  channel  which  extends 
northeasterly  from  Table  Rock  under  Mount  Fillmore.     In  addition  to 
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Iliis.  Ilic  extension  of  Hie  I  lepsi'hnii  ('luinnel  comes  around  under  Blue- 
uose  I'ejik  and  s\vin«;'s  ejislerly  toward  the  l\Te('i'ay  Tlid.Lic.  M'liis  has 
])een  eroded  into  Nelson  (*reek'  and  has  j^i'adnally  enriclKMl  it.  Near 
the  head  oi*  this  ei'eek'  erosion  IVoni  lilnenosc;  Ridge  lias  i)rodueed  a 
larj>e  amount  of  gravel  wliich  is  suitable  for  liydraulie  nniiing,  and 
whieli  has  l)eon  nuned  in  a  small  way  For  several  years  with  debris 
dams.  The  ])rinei|)al  ojx'rators  ar-e  at  Bull  (inlch,  at  Red  Ravine  and 
at  the  Standard  JVIine  on  the  maiu  Nelson  (Jreek.  Tliis  ground  has 
been  worked  since  the  early  (la\s  and  has  proved  (juitc;  ricli.  At  present 
it  is  being  o])erated  by  ground  sluices,  l)ut  a  large  area  of  hydraulic 
ground  is  still  available.  The  Standard  Mine  put  in  a  debris  dam,  but 
it  is  now  full,  and  they  have  discontinued  operations. 

On  lIoi)kins  Creek,  Poormans  Creek  and  Dixon  (Jreek  there  is  con- 
siderable hydraulic  ground,  caused  by  the  erosion  of  the  Onion  Valley 


Photo   No.    24.     Nelson    Creek,    Plumas   County. 

and  Sawpit  channel,  "which  will  be  discussed  under  the  head  of  the 
Cretaceous  Yuba  River  drainage. 

Including  all  of  the  available  drift  mining  territory  of  the  possible 
hydraulic  ground  embraced  in  the  drainage  of  the  Feather  River,  it  is 
fairly  safe  to  assume  a  total  of  about  five  hundred  million  yards,  of 
which  probably  three  hundred  million  yards  is  of  economic  value.  The 
lower  portion  of  the  Feather  River  system  drains  the  area  of  amphib- 
olite  schists  and  green  stone.  Higher  up,  however,  we  encounter  rocks 
of  Carboniferous  age  in  addition  to  great  masses  of  Tertiary  volcanics. 
The  Feather  River  region,  as  a  wdiole,  has  produced  many  millions  of 
dollars,  but  at  the  present  time  there  is  very  little  gravel  property  in 
an  operating  condition.  Notwithstanding  this  fact,  there  are  undoubt- 
edly several  opportunities  for  opening  up  profitable  drift  and  hydraulic 
mines.  The  question  of  debris  storage  would  probably  be  solved  by 
building  dams  on  Indian  Creek  and  on  the  middle  fork  of  the  Feather 
River.  «•« 

The  water  rights  in  this  country  are  excellent,  as  they  drain  from 
the  high  slopes  of  the  Sierras,  on  which  the  snow  is  densely  packed  in 
winter. 
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Ill  tlu'  coiisidcratiim  of  tlic  rcirioii  around  lianj^or,  altho\it^li  it  is 
draiiUHl  ])y  IIoiuMit  Civek,  which  is  a  tributary  of  the  Feather,  it  is 
taken  iimler  this  heading  as  during  the  i)eriod  of  its  formation  it  was 
undoubtedly  a  porti(>n  of  the  ancient  Yuba  Kiver  delta.  A  large 
eliannel  which  is  first  noted  on  tlie  Turner  Kancli  near  Bangor,  erosses 
under  the  town  and  runs  toward  AVyandotte.  thenee  turning  westerly 
toward  the  Feather  River.  This  is  locally  known  a.s  the  Blue  Lead 
Channel,  and  the  point  at  which  it  joins  tlie  Neocene  shore  gravels  is 
still  obscure.  It  has  been  extensively  mined  at  Kentucky  Ranch,  at 
Bangor  and  at  the  Turner  ^Mine,  but  the  main  channel  is  still  intact. 
The  gold  is  rusty  and  rather  flaky  and  in  spots  on  the  upper  benches 
the  channel  is  very  rich.  The  gravel  is  hard  and  cemented  in  the  main 
channel,  although'  some  soft  ground  exists  near  Bangor.  This  channel 
could  be  drained  above  Kentucky  Ranch,  but  most  of  it  would  have  to 
be  worked  by  a  shaft.  ^Much  gulch  placer  work  was  done  near  Wyan- 
dotte in  the  early  days.  :\r()st  of  it  probably  came  from  local  seams 
and  pockets  which  were  concentrated  in  the  gulches.  The  same  type 
of  workings  appears  near  Iloncut,  but  apparently  most  of  this  ground 
has  been  completely  worked  out. 

A  good  deal  of  loose,  detrital  material  has  been  washed  for  gold  at 
Perry  diggings  and  other  places  north  of  Honcut.  but  most  of  this 
material  is  similar  to  that  around  Wyandotte,  being  probably  of 
Pleistocene  age,  and  deriving  its  gold  from  quartz  seams  in  the  under- 
lying rock.  South  of  Wyandotte  is  an  exposure  of  shore  gravels  that 
have  been  wai^hed  by  hydraulickmg.  which  contain  layers  of  yellow 
sandstone.  In  this  region  there  is  evidence  of  .shore  gravels  of  two 
periods  which  merge  into  one  another. 

In  the  dredging  fields  around  Hammonton  are  extensive  areas  of 
gravel  which  are  nndoubtedly  a  portion  of  the  delta  of  the  ancient  Yuba 
River.  These  dredging  fields  have  been  so  often  described,  and  are  so 
near  exhaustion,  that  the  reader  is  referred  to  the  bibliography  for 
details  concerning  them.  These  gravels  often  occur  interstratified  with 
rhyolite  and  andesite  mud.  For  some  distance  above  Hammonton,  in 
the  low,  rolling  hills  to  the  east,  there  is  no  further  sign  of  this  channel, 
but  about  six  miles  west  of  Smartsville.  and  south  of  the  present  Yuba 
River,  there  is  a  very  good  exposure.  At  Sicard  Flat,  north  of  the 
Yuba  River,  a  large  quantity  of  hydraulic  gravel  is  still  available, 
which  has  an  excellent  dump  into  the  present  Yuba.  Above  this,  at 
Timbuctoo.  the  gravel  is  all  well  mined  out,  but  in  the  neighborhood 
of  Smartsville  there  are  a  great  many  million  yards  which  appear  to 
be  excellent  hydraulic  ground,  at  Succor  Flat.  From  Smartsville  on 
up  to  Mooney  Flat  considerable  mining  has  been  done,  but  millions 
of  yards  still  remain  to  be  hydraulicked.  From  ^looney  Flat  on  up 
to  French  Corral  the  major  portion  of  the  channel  seems  to  have  been 
eroded,  possibly  by  the  present  south  fork  of  the  Yuba,  but  west  of 
Rapp  's  Ranch  there  is  still  a  little  gravel.  The  more  or  less  continuous 
deposits  from  San  Juan  to  French  Corral  have  been  hydraulicked 
almost  throughout  their  entire  extent.  The  main  portion  of  the 
channel  has  been  worked,  but  there  is  considerable  gravel  on  both  front 
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and  baek  rims.  Tho  maxinunn  dispth  of  this  j^ravol  is  250  feet. 
Allliouuii  I^^iMMicli  (!()Ti'al  lias  bocn  iiiiiicd  sinco  the  oarly  days,  al)ove  it 
at.  Swcclland,  l>ii'clivill(',  Aiiioricaii  J)i.^yiii^s,  and  Scibastopol  there  is 
still  a  good  deal  of  gravel  to  l)e  mined.  At  North  San  Juan  is  a  tre- 
mendous body  of  gravel  availa])le  for  liydraulieking.  Most  of  this 
ground  is  tributary  to  the  old  Milton  Mining  Company's  diteh.  A 
characteristic  of  most  of  the  channel  from  North  San  Juan  down  is 
that  the  upper  portion  seems  to  have  been  cemented  by  tremendous 
flows  of  volcanic  mud. 

At  Nortli  San  Juan  is  a  channel  which  comes  in  from  the  northwest 
on  the  east  side  of  the  north  fork  of  the  Yuba  River.  This  extends  for 
several  miles  on  the  west  side  of  Moonshine  and  contains  considerable 
virgin  ground,  which  would  probably  be  worth  while  drifting,  as, 
wherever  the  gulches  from  Moonshine  Creek  have  cut  it,  they  have 
been  greatly  enriched.  This  channel  crosses  the  north  fork  of  the  Yuba 
in  the  neighborhood  of  Foster  Bar  and  goes  up  toward  Challenge.  West 
of  Greenville  some  mining  has  been  done  on  this  channel,  and  a  good 
deal  has  been  done  at  New  York  Flat  and  east  of  the  Clayton  Ranch. 
Whether  the  New  York  Flat  diggings  are  connected  with  this  same 
channel  is,  however,  extremely  doubtful,  as  the  gravel  appears  to  be 
subangular  and  is  possibly  of  local  origin.  It  may  be  that,  after  leav- 
ing Greenville,  this  channel  runs  almost  due  north  across  the  lower  end 
of  Woodville  Creek,  as  this  was  considerably  enriched,  presumably  by 
the  erosion  of  one  of  the  ancient  channels.  Above  North  San  Juan  for 
about  four  or  five  miles  the  main  channel  of  the  ancient  Yuba  appears 
to  have  been  practically  eroded.  At  Badger  Hill,  however,  it  again 
assumes  enormous  proportions,  from  Badger  Hill  clear  up  to  North 
Bloomfield,  along  what  is  known  as  the  San  Juan  Ridge. 

This  area  probably  contains  the  largest  possible  hydraulic  mine  yet 
remaining  in  the  State  of  California.  Gravels  are  from  three  hundred 
to  six  hundred  feet  in  depth,  and  bedrock  has  not  been  exposed  in  the 
center  of  the  channel  during  practically  the  entire  length  of  seven 
miles.  This  is  undoubtedly  the  largest  single  body  of  commercial 
hydraulic  gravel  in  the  State  of  California.  It  is  mostly  owned  by  one 
company  and  contains  anywhere  from  eight  hundred  million  to  twelve 
hundred  million  yards  of  gravel,  which  will  run,  according  to  the 
records  of  former  operations,  in  the  neighborhood  of  twelve  to  fifteen 
cents  a  yard.  In  the  Malakoff  diggings  on  the  upper  end  of  this  body 
of  gravel  drifting  operations  in  the  past  two  years  have  shown  values 
running  better  than  $25  a  yard  on  and  near  bedrock.  In  1917  the 
ground  from  North  Columbia  down  to  Badger  Hill  was  prospected  by 
Keystone  drills  very  extensively. 

The  values  in  this  ground  may  roughly  be  estiixrated  from  the  fact 
that  the  old  washings  of  surface  ground  near  Malakoff  from  1870  to 
1874  were  estimated  at  about  3,250,000  cubic  yards,  the  yield  of  which 
was  in  the  neighborhood  of  three  cents  per  cubic  yard.  In  1876  and 
1877  about  1,600,000  yards  were  washed,  which  yielded  about  four 
cents  per  cubic  yard.  This,  of  course,  was  top  gravel.  At  the  same 
time  the  company  washed  about  700,000  yards  of  bottom  gravel,  which 
yielded  about  thirty-three  cents  per  cubic  yard.  The  bottom  gravel 
extended  from  bedrock  upward  about  seventy  feet.  The  top  gravel 
averaged  from  thirty  feet  to  over  two  hundred  feet  in  depth.     The 
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water  used  in  iiiiiiinix  tliis  particular  section  of  chainicl  eonies  Troin 
tlie  old  Milton  diteli  and  tlie  Knreka  ditdi,  which  dcriv«'d  their  waters 
Troin  Hiir  Canyon  ('reck  aiid  the  nnddle  Yuha  Hivcr.  At  the  time  that 
hydraulic  inininir  was  suppressed,  the  total  reservoir  area  of  this  com- 
pany contained  a  capacity  of  ahout  2,2()0,()()0,0()0  euhic  feet.  The 
lenirtli  of  the  ditches  of  this  comiKUiy  was  157  miles.  The  lcii«rth  of  the 
diteli  of  the  Milton  Company,  which  operated  behjw,  above  French 
Corral,  was  ahout  80  miles. 

The  tailings  from  this  tremendous  body  of  gravel  were  mostly  dis- 
eharcred  in  tributaries  of  the  south  fork  of  the  Yul)a  and  the  middles 
fork.  By  the  buildinn:  of  a  dam  just  below  the  junction  of  Deer  Creek 
and  the  middle  fork,  and  the  construction  of  a  similar  one  l)elow  the 
junction  of  Shady  Creek  and  the  south  fork,  practically  all  of  the  tail- 
insrs  of  this  area  could  be  impounded  for  the  next  hundred  years.  The 
channel  is  probably  at  its  widest  near  North  Columbia.  Gravel  at  this 
point  is  over  four  hundred  feet  in  depth.  A  junction  of  two  important 
streams  occurs  at  a  place  near  North  Columbia.  The  total  area  of  the 
gravels  between  Badger  Hill  and  North  Bloomfield  covers  about  eight 
square  miles.  Gravels  in  the  deepest  trough,  wdiich  is  exposed  at 
Badger  Hill  and  at  Grizzly  Hill,  are  very  coarse  and  made  up  largely 
of  metamorphic  rocks,  while  the  deep  gravels  which  spread  out  over 
the  benches  are  largely  eom})Osed  of  white  quartz  and  are  much  finer. 
Near  the  surface,  but  at  the  base  of  the  lava  cap,  is  a  great  deal  of  sand 
and  light-colored  clay.  In  the  neighborhood  of  North  Columl)ia  a 
great  deal  of  surface  work  has  been  done  and  about  loO  feet  of  gravel 
has  been  washed  off.  The  deepest  part  of  the  deposit  at  Grizzly  Hill 
will  require  a  considerable  expenditure  for  bedrock  tunnels  before 
working.  To  quote  from  the  report  of  the  U.  S.  Geological  Survey  on 
this  area  : 

"At  Xorth  Bloomfiokl  the  exi)osuros  are  mostly  in  the  liydraiilic  bank  alouu;  tht- 
oeuter  of  the  channel.  Tlie  bedrock  rises  north  and  south  of  the  main  channel. 
Across  the  bottom  it  is  nearly  level  for  three  or  four  hundred  feet.  The  deepest  blue 
gravel  is  130  feet  thick.  This  is  capped  by  heavy  bodies  of  light-colored  clay  and 
sand,  interstratified  with  fine  gravel,  and  near  the  top  occasionally  also  with  ande- 
sitic  tuflf.  The  clay  and  sand  may  reach  150  feet  in  thickness.  This  is  again 
covered  by  six  hundred  feet  of  tufifaceous  breccia.  The  lower  surface  of  the  breccia 
is  uneven,  as  shown  by  the  fact  that  sand  and  clay  crop  out  a  short  distance  east  of 
the  Dorbec  Mine.  About  one  mile  north  of  North  Bloomfield  the  channel  forks 
again  below  the  lava.  The  main  fork  has  its  inlet  from  the  lava  ridge  north  of 
Backbone  House,  where  the  configuration  shows  the  existence  of  a  deep  channel, 
along  the  center  of  which  Bloody  Run  has  excavated  its  canyon.  Gravels,  capped 
by  heavy  masses  of  slide  claj',  are  here  exposed. 

"Hydraulic  mining  has  been  carried  on  at  North  Bloomfield  on  a  very  large 
scale.  The  excavations  extend  for  .5C00  feet  and  are  five  to  six  hundred  feet  in 
width.  The  banks  are  as  much  as  five  hundred  feet  in  height.  The  deposit  has 
been  opened  by  a  bedrock  tunnel  7S74  feet  long,  starting  from  Humbug  Canyon. 
The  sum  of  $3,000,000  is  said  to  have  been  expended  ui)on  this  tunnel,  the  water 
supply  and  other  preliminary  work.  Shortly  after  the  completion  of  the  tunnel 
hydraulic  mining  was  suspended  by  injunction  of  the  courts  and  since  then  the  only 
gravels  worked  have  been  those  the  tailings  of  which  could  be  imi>ounded  before 
reaching  the  river." 

The  evidence  upon  the  channel  extending  from  North  Bloomfield 
down  as  far  as  French  Corral  shows  very  plainly  the  importance  of 
glacial  action  with  regard  to  the  distribution  of  gravels  and  pay.  The 
theory  of  pre-Tertiary  glaciation  has  not  been  generally  admitted,  but 
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it  seems  liai-d  lo  e\|)l;iiii  1  lie  (list I'ihiil i(»M  oC  llie  j^i'avels  in  tliis  particular 
area  wilhoul  adinilliii*;-  tlie  |)i'()l)ahilit y  of  glacial  aelioii  on  those  chan- 
nels. Tile  Cretaeeons  and  l^joeene  jx'riods  extended  over  a  ])crio(l 
varionsly  estimated  at  I'roni  one  inillion  to  tive  million  years,  and  during 
that  time,  ])revions  lo  the  ])ei'i()d  ol'  extensive  vul(^anism,  there  must 
hiwo  been  iiian\'  elimalie  elianiics,  caused  by  the  shiftinf<  of  ocean  cur- 
rents and  j)ressure  areas  which  would  liave  given  the  Sierras  a  climate 
similar  to  that  prevailing  at  present  in  Alaska  and  British  Columbia, 
entirely  independent  of  any  general  shift  of  the  Polar  ice  cap,  such  as 
occurred  in  Pleistocene  times. 

The  evidence  and  positive  proof  of  local  glaciation  in  this  channel  is 
so  pronounced  that  it  can  not  be  overlooked.  Discrepancies  in  bedrock 
elc^'ations  in  the  down-stream  course  of  the  channel  may  be  in  part, 
altliouu'h  not  altoj^ether,  explained  by  the  differences  in  datum  from 
Avhicli   these   elevations  were   obtained;   but   the   presence   of   bedrock 


Photo  No.   32.     Characteristic  Glacier  on  Alaskan  Coast. 

fluting  and  of  single  and  double  U-shaped  channels ;  of  heaps  of  heavy 
boulders  of  varied  character  which  could  not  have  been  carried  so  far 
from  their  source  by  water  alone;  and  of  the  immense  white  quartz 
channels  in  Avhich  all  the  metamorphic  wall-rock  has  been  ground  up 
and  transported  out  by  water;  in  which  the  grinding  would  have  been 
impractical  without  tlie  aid  of  ice  action ;  and  the  fact  that  the  depth 
and  width  of  these  channels  was  often  increased  irregularly ;  all  of  these 
phenomena  indicate  the  deposition  of  much  of  this  material  and  the 
hollowing  out  of  the  channels  by  local  glaciation.  At  the  present  day 
similar  phenomena  have  been  observed  by  the  writer  in  Alaska,  espe- 
cially in  the  streams  of  water  discolored  by  blue  mud,  which  come  out 
from  under  the  major  glaciers  in  the  Cathedral  Mountains. 

That  water  sorting  folloAved  and  was  intermittent  with  this  action  is 
also  indubitable,  as  the  shingling  and  sorting  of  the  gravel  shows 
beyond  doubt  that  these  were  the  courses  of  ancient  streams.  One 
thing  may  well  be  noticed;  that  is  the  relative  elevations  of  the  lava 
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ami  i^ravol  contacts.  Tt  may  well  lu'  possil)!!'  that  a  scries  of  readings 
taken  on  tliose  would  sliow  tlio  oriLrinal  ^I'atlcs  of  tlij'so  streams  far 
])etter  than  Ix'droek  eh'vations  would,  even  when  j)roi)ei'ly  correlated. 
Somewhere  ])etwecn  North  San  .lii.iii  and  liad^'ci-  Hill  the  main 
cliannel  is  joined  by  a  tributary  cominii'  down  from  the  north.  No 
g:ravel  is  noticed  in  i)lace  on  this  tributary  until  ('ami)tonvine  is 
reached.  Here  a  wide,  deep  channel  has  been  thorouj^hly  worked  out. 
A])ove  this,  at  Galena  Hill,  at  Youn2:s  Hill  and  east  of  Oak  Valley,  con- 
siderable gravel  is  still  left.  The  wash  is  mostly  white  fjuartz  and  not 
particularly  lieavy.  At  Jouberts  and  at  Indian  Hill  a  lartie  amount 
of  g:ravel  is  still  available  for  hydraulickin^',  although  the  central 
channel  at  the  former  place  has  been  pretty  well  cleaned  out.  At 
Brandy  City  and  at  Council  Hill  are  still  larj^e  quantities  of  gravel, 
but  the  flows  of  lava  mud,  lyinir  closely  on  top,  have  in  many  places 
encroached  so  heavily  on  the  gravel  that  it  does  not  pay  to  work  it. 


Photo  No.   31.     Gravel  at  Scales,   Sierra  County. 


Going    northerly    from    here    through    Union    Hill,    which    is    almost 
entirely  hydraulicked  out,  the  channel  extends  to  Scales. 

The  Brandy  City  ^line,  which  is  now  being  worked,  still  contains 
about  half  a  mile  of  unworked  ground  along  the  channel.  There  is  a 
very  heavy  top  of  volcanic  mud  and  from  fifty  to  one  hundred  fifty  feet 
of  fairly  good  gravel.  There  is  a  good  water  right  on  Canyon  Creek 
amounting  to  about  tliree  thousand  inclies.  At  Indian  Hill  on  the  other 
side  of  the  north  fork  an  interesting  development  of  cemented  gravel 
is  seen.  Ferric-sulphate  is  still  forming  and  cementing  the  gravel  at 
the  present  time.  At  Scales,  below  the  junction  of  the  Port  Wine- 
La  Porte  branches  there  is  verj-  heavy  wash>  which  is  largely  inter- 
volcanic.  This  underlies  the  original  white  gravel  which  is  mixed  with 
fine  andesitic  pebbles  toward  the  surface.  There  is  a  tremendous  area 
of  unworked  gravel  here.  Mining  is  still  being  done  in  a  small  way, 
botli  hydraulicking  and  drifting.  From  Scales  on  up  the  Port  Wine 
Ridge,  the  channel  is  almost  intact  and  is  largely  virgin.  At  Mount 
Pleasant,  above  Scales,  is  the  junction  of  the  La  Porte  and  the  Port 
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Wine  cliiiinicls.  'J^lici'c  jirc  Ci-oni  sixty  to  ci^lily  million  yards  of  gravel 
liere  wliich  would  mnkc  oiic  of  llic  easiest  hydraulic  deposits  in  this 
state  to  work.  Monul  INeasaiit  and  Poverty  Hill  may  ))e  considered  as 
one  i)r()j)erty,  altiiou^li  the  I'ovei'ty  Hill  i)()rtiou  is  supposed  to  ])e  eon- 
sideral)ly  hetter  sravel.  This  is  one  of  the  most  important  hydraulic 
deposits  in  the  st.ite.  About  two  hundred  feet  in  depth  the  ])ank  is 
composed  of  small  white  ({uartz  jL^ravel  with  an  unknown  wddth,  which 
is  presumably,  at  least,  half  a  mile.  The  channel  extends  for  neai'ly 
two  mil(>s.  The  center  of  it  has  been  worked  for  abont  half  a  mile,  but 
the  balance  is  practically  viruin.  It  is  eminently  suited  to  hydraulick- 
ini;-,  as  the  values  run  clear  up  to  the  top  soil  and  the  })edrock  pay,  judg- 
ing  from  the  history  of  the  early  mining,  is  undoubtedly  good.  The 
Poverty  Hill  branch  of  this  channel  extends  on  up  through  Secret  dig- 
gings to  La  Porte.  Both  of  these  places  are  pretty  well  worked  out, 
and  "were  among  the  richest  gravel  deposits  ever  known  in  the  State 
of  California.  Above  La  Porte  the  main  cliannel  is  practically  intact, 
although  some  prospecting  has  been  done  on  it  at  the  Bellevue  ]\Tine. 
As  the  channel  at  this  point  was  continuously  crossing  a  belt  containing 
quartz  seams  and  stringers  wdiicli  were  rich  in  gold,  the  values  appear 
to  run  almost  uniformdy  through  the  channel.  The  Bellevue  Mine  itself 
probably  contains  from  four  to  fi"\'e  miles  of  virgin  channel,  which 
should  be  among  the  best  drift  ground  yet  remaining  in  the  State  of 
California.  Passing  under  the  Gibsonville  Ridge,  where  a  great  deal 
of  hydraulic  ground  Avas  developed  in  the  early  days,  it  continues  on 
ui)  to  ITepsidam  and  Whiskey  diggings.  It  is  almost  altogether  com- 
posed of  white  quartz  gravel  wherever  it  is  exposed,  and  the  bottom 
strata  have  almost  invariably  made  excellent  drifting  ground  wher- 
ever it  has  been  tapped.  From  ITepsidam  the  channel  continues  north- 
west and  east  of  Pilot  Peak.  It  turns  sharply  to  the  east,  passes 
through  around  to  the  north  of  Bluenose  ]\Iine  and  swings  over  on  the 
west  side  of  Nelson  Creek,  the  tributaries  of  which  have  nearly  all  been 
enriched.  From  here  on  this  channel  has  already  been  described  under 
the  Feather  River  drainage.  Another  branch  of  this  channel  comes 
down  from  the  upper  end  of  Little  Grass  Valley  and  enters  it  some- 
where in  the  Bellevue  ground,  not  far  from  the  Thistle  shaft.  The 
upper  end  of  this  channel  is  now  being  worked  at  the  McFarland  Mine 
and  is  paying  very  well.  The  gold  appears  to  be  distributed  through  the 
bottom  ten  or  fifteen  feet  of  the  gravel  with  a  great  deal  of  uniformity. 
Still  higher  up,  around  the  eastern  slope  of  Pilot  Peak,  we  have  the 
Onion  Yalley  channel.  This  is  one  of  the  richest  feeders  of  the  Gibson- 
ville-La  Porte  cliannel  that  is  first  noted  above  Washington  Creek  near 
Golden  Gate.  From  here  it  crosses  through  the  old  Sawpit  diggings, 
"svhere  a  portion  of  the  channel  was  faulted  down  for  about  a  mile  and 
was  liydraulicked  at  Richmond  Hill.  Richmond  Hill  was  one  of  the 
richest  hydraulic  mines  in  the  state  at  the  time  of  its  operation.  The 
whole  flat  above  Sawpit  has  been  drifted  out,  although  the  channel  was 
pretty  well  spread  over  a  large  section  of  country  by  the  faulting. 
Passing  around  the  head  of  Weldon  Ravine  and  directly  under  the 
main  ridge  between  Dixon  Creek  and  Onion  Valley  Creek  this  channel 
is  seen  again  at  Red  Slide  Hill,  where  it  swings  around  to  the  south 
and  joins  the  main  Gibsonville  Ridge  channel.  This  channel  has  been 
eroded  into  Dixon  Creek  and  has  enriched  it  greatly.     The  channel  is 
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\('r\-  ncui-  llic  1(»|'  <•'  ''"'  "'''  < 'I'l'laccdiis  duidc  :iii(l  is  cn  idcul  ly  oi' 
( 'i'(»t;ic(M)ns  itirc  Hclwcni  llu-  old  Aiislrfili}!  timiK'l  jiikI  IIh-  ••iiii\\-  ahovo 
Sawpil  Flat  tlwrc  is  i>j'(>l)al)ly  a  mile  of  virgin  ^n-oiind  wliicli  should  1x5 
some  of  tlie  best  di-iflinir  irroiind  left  in  this  stale,  judiriiiLr  l»y  tho 
records  of  the  old  Sa\v|)it  and  Hiclimond  Hill  mines.  On  the  Onion 
Valley  side  two  tunnels,  the  IMoneei-  and  the  Weldon  Kavine,  have 
been  rnn  to  tap  the  channel,  but  to  date  they  have  oidy  encountered 
the  bench  ^irravels  in  raises.  On  the  Dixon  ('reek  side,  the  Australia 
tunnel  has  been  driven  in  for  over  1500  feet  with  raises  which  have 
also  tapped  the  bench  frravel.  T^ndou])tedly  between  these  three  tnnnels 
is  a  deep  channel  whicli  sliould  pay  to  work.  Onion  Valley  itself,  aside 
from  the  main  channel,  apj)ears  to  have  been  a  i-ecent  glacial  valley, 
bnt  a  large  part  of  the  detritns  in  it  is  eroded  stream  gravel  from  the 
channel  above  mentioned. 

On  the  south  fork  of  the  Feather  River  in  Little  Grass  Valley  is  an 
area  which  appears  to  have  some  possibilities  as  dredging  ground.  A 
branch  of  the  Gibsonville  channel,  as  stated  above,  runs  across  the  head 
of  it  and  may  possibly  have  enriched  it.  The  wasli  is  not  very  large, 
l)nt  there  is  too  nuicli  water  for  drifting  operations  without  driving 
a  long  drain  tunnel.  This  side  of  the  ridge  has  not  been  very  exten- 
sively mined,  although  some  placer  work  was  done  lower  down  in  the 
early  days.  Apparently  three  channels  run  transversely  across  the 
valley.  The  most  easterly  is  the  nortli  branch  of  the  Gibsonville- 
La  Porte  channel  mentioned  above,  with  its  west  rim  near  Kinsey 
Ravine.  Farther  west  is  another  channel  several  hundred  feet  wdde 
also  running  northerly  and  southerly  on  which  the  Tombs  incline  w'as 
sunk  in  early  days.  Both  rims  are  well-defined  and  from  the  strike  of 
the  channel  it  appears  to  join  the  main  Gibsonville  Channel  at  Dutch 
diggings  above  La  Porte.  This  gravel  has  a  slight  proportion  of  inter- 
volcanic  pebbles. 

Still  farther  west  is  a  very  large  channel  ^vhich  runs  nearly  parallel 
with  the  direction  of  the  valley.  This  has  been  slightly  prospected  by 
Keystone  drills.  It  contains  a  large  proportion  of  volcanic  material 
and  runs  out  considerably  to  the  west  of  the  other  channels.  ,  It  is  quite 
possible  that  the  drainage  of  this  channel  is  down  the  Mooreville  Ridge 
through  the  Dodson  Mine. 

The  south  fork  of  the  Feather  River  runs  directlv  across  all  these 
channels,  and  could  be  used  to  supply  water  for  hydraulicking  if  a  deep 
bedrock  cut  were  run  from  the  outlet  of  the  valley.  The  gravel  remain- 
ing under  the  first  layer  of  pipe  clay,  which  is  about  one  hundred  to 
one  hundred  fifty  feet  deep,  might  then  be  dredged  and  the  whole  thing 
later  converted  into  a  reservoir  or  power  site  or  else,  b}'  making  the  cut 
deep  enough  to  drain  the  valley,  the  whole  thing  might  be  hydra ulicked. 

At  Gibsonville  a  large  area  of  ground  is  still  available  for 
hydraulicking.  The  same  channel  passes  on  under  the  Gibsonville 
Ridge  and  comes  out  at  Bald  Mountain.  At  Dutch  diggings  and  on 
Bald  Mountain  considerable  gravel  is  still  available  for  hydraulicking. 

Coming  back  to  the  junction  of  the  Port  Wine  Ridge  Channel  at 
Mount  Pleasant,  it  can  be  traced  to  the  northeast  under  a  heavy  ande- 
site  cap  for  a  matter  of  about  ten  or  twelve  miles.  At  the  old  Iowa 
shaft  north  of  ]\Iount  Pleasant  good  gravel  was  found  in  the  early  days 
but  was  not  prospected  far  on  account  of  water.    The  area  comprising 
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Hie  IN)V(M-t\  Hill,  .Moiiiil  riciisniil  ;iii(l  Scjilcs  (l('|)(),sils  j)i-(^l)al)l v  coii- 
1;iins  ;il)()iij  l.")!)  iiiiMioii  ynrds  oT  urjivd.  '|^||,'  Shilc  Creek  water  eoiild 
he  bi'ounht  down  the  \\)v\  Wine  K*i(li;(.  and  used  to  ^'ood  eO'eet  in  min- 
in«'-  tliis  gravel.  It  wonid  nndnnhledly  nnike  one  of  tlie  larirest  and 
best  payincr  hydrnnlie  mines  in  the  state,  altliou<^li  fitting  np  would  jx; 
expensive  on  aeeonnt  oi*  duui])  and  drainage  problems.  Undoubtedly 
a  long  drain  tunnel  would  have  to  be  run  from  the.  Slate  Creek  side  to 
the  lowest  point  in  the  eluuniels  wliieli  join  on  these  properties. 


Basalt  intrusions  at  Port  AVine, 
Sierra  County, 

Although  the  channel  is  more  or  less  intact  from  the  Iowa  shaft  almost 
up  to  Port  Wine,  it  is  heavily  lava  capped,  and  would  probably  have  to 
be  drifted.  At  Port  Wine  there  is  an  intrusion  of  the  younger  basalt 
which  is  very  interesting.  Prom  Port  AVine  up  to  Grass  Flat  the  channel 
is  more  or  less  exposed.  At  Gardner  Point  is  considerable  hydraulic 
gravel,  and  at  St.  Louis  is  a  very  large  body  of  gravel  which  is  appar- 
ently exceedingly  low-grade,  the  best  of  it  having  been  worked  out  by 
the  early  da}^  miners.  From  here  on  the  channel  passes  up  through 
Howland  Flat,  where  it  was  extensively  drifted,  and  swings  around 
under  the  andesite  at  Potosi,  breaking  out  again  at  Poker  Flat  where 
considerable  work  was  done  on  it.  There  is  a  possibility  that  the  Poker 
Flat  diggings  are  not  connected  with  Potosi,  but  that  the  drainage  was 
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iL>r, 


(](>\\ii  llic  other  wjiv  1  liroiiiili  I  )(',i(l\\  ocmI  Idwai'd  .Mnn-istowii.  Almost 
parnllclliiiii"  tln'  cliaiiiicl.  wliidi  cxlciids  froiii  I'otosi  lo  (Ii-ass  Mat.  is 
another  chamicl  wliich  is  hiiiied  (h'(|)  ini(h'r  the  la\a  at  Mniiiit  KillmoiM^ 
aiul  Table  Ro(*i<.  Tliis  channel  has  heen  dfirted  in  the  nei^hhoi'liood  of 
Table  Koek  bnt  is  bu'iicly  vir^jfin  I'l'oin  here  on  down.  As  it  is  niiieh 
narrower  than  the  llowland  Flat  ehainiel  on  the  west,  it  is  (piite  possil)lo 
that   it  may    be   eonsiderably   ])etter   driftinji:   ^ronnd.      This    channel 
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Poverty  Hill,  Sierra  County. 


appears  at  the  Pioneer  :\Iine  near  Grass  Fhit.  but  instead  of  joining 
the  front  channel  and  going  down  toward  Port  Wine,  it  swings  out  to 
the  south  through  ITappy  Hollow  and  IMorristown.  wliere  it  is  joined  by 
a  tributary  coming  down  from  Deadwood.  From  .Morristown  it  goes 
through  Craig's  Flat  to  Eureka,  where  it  will  be  discussed  later  under 
tlie  head  of  White  Bear  Channel. 


Photo  X^ 


Ciu.><.-up  ui  Pust-rty  Hill  Gravels-. 
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'lie  licjidw atcrs  of  the  While  Ucnr  cluiiiiicl  iwv  i'oiiiKl  .soiii(;wli(ire  in 
tlic  iiciiiiihoi'liood  of  Dcadwood  I'cnk.  b^i'oiii  hero  it  runs  southerly 
inider  S;i(ldl('l)M('k  Mouiitjiiii  .*md  h'ii'loj),  p}issiii<r  throiijj^h  tlie  (.Vxjper 
ivancii  UM(h'i'  iMoiitc  (/I'islo.  It  was  extensively  drifted  at  tln^  old  White 
]^ear  IMine  above  Moiite  ('risto  and  proved  exceedinj^ly  rich.  The 
eliaracterist  ie  ot*  the  i^'ravel  of  tliis  eliannel  is  the  larj^e  amount  of  wliite 
quartz  bouklers.  l^'^roni  here  the  White  Hvaw  eliannel  runs  southwesterly 
and  is  eroded  into  Goodyears  Creek  clear  down  to  Ooodyears  Bar  where 
it  eaused  an  extensive  enriehment.  The  upper  ])ortion  of  Goodyears 
Creek  and  also  part  of  Eureka  Creek  were  greatly  enriched  by  a  branch 
of  this  channel  coming  down  from  Happy  Hollow  through  IMorristown 
and  Eureka  as  above  stated.  The  junction  was  probably  on  Goodyears 
Creek,  a  mile  or  two  above  Goodyears  Bar.  Below  Goodyears  Bar  this 
channel  was  joined  b.y  a  tributary  coming  down  from  jMcAIahons  through 
the  St.  Charles  Ranch.  From  Goodyears  Bar  it  goes  on  southwesterly 
to  the  east  of  Snowden  Hill  and  Humbug  Creek.  On  the  head  of  Little 
Humbug  Creek  the  lava  cap  was  sufficiently  removed  to  allow  consider- 
able h^'draulicking.  This  channel  crosses  Oregon  Creek  about  two  miles 
south  of  IMountain  House  and  goes  through  the  ridge  to  Kanaka  Creek. 
On  the  south  side  of  Kanaka  Creek  it  continues  through  the  ridge, 
crosses  the  middle  fork  of  the  Yul)a  River  and  swings  westward  toward 
Grizzly  Ridge.  Here  it  turns  southerly  to  enter  the  main  Columbia 
channel  somewhere  east  of  Tollhouse. 

The  channel  mentioned  under  the  Feather  River  system  as  the  McCray 
Ridge  channel  comes  down  under  the  east  side  of  Rattlesnake  Creek  and 
runs  southerly  on  the  east  side  of  Rattlesnake  Creek  and  on  the  north 
fork  of  the  North  Fork  of  the  Yuba  River.  Coming  down  the  ridge 
between  this  fork  and  the  middle  fork  it  swings  westerly  to  Monte 
Cristo  where  it  crosses  the  White  Bear  channel.  At  Monte  Cristo 
a  great  deal  of  drifting  was  done  and  the  channel  proved  exceedingly 
rich.  From  here  the  channel  flows  almost  straight  south  under  the 
ridge  west  of  Downieville  until  it  crosses  the  north  fork  about  two  miles 
east  of  Goodyears  Bar.  From  here  it  is  eroded  into  the  Rock  Creek 
drainage,  but  appears  again  at  the  Kirkpatrick  i\Iine  near  the  old  Hen- 
ness  Pass  road.  A  great  deal  of  drifting  has  been  done  upon  the  channel 
at  this  point,  and  a  large  amount  of  low-grade  gravel  uncovered.  From 
here  on  it  passes  through  Forest  and  proceeds  southward  parallel  to  the 
Alleghany  channel,  thence  swinging  southwesterly  tow^ard  Grizzly  Ridge. 

Another  run  of  this  same  channel,  starting  on  the  ridge  between  the 
north  and  middle  forks  of  the  North  Fork,  comes  down  through  the  old 
Cray  croft  Mine  and  is  eroded  directly  into  the  Yuba  River  at  Downie- 
ville. The  concentration  of  this  channel  into  the  bars  around  Downie- 
ville is  responsible  for  the  millions  of  dollars  which  w^ere  taken  from 
this  place.  Crossing  southerly  through  Slug  Canyon,  it  is  found  again 
at  the  Ruby  Mine  and  the  old  Bald  Mountain,  where  it  was  extensively 
drifted  and  much  rich  gravel  taken  out.  Here  it  joins  the  other  channel 
a  short  way  above  Forest  City.  A  short  tributary  coming  down  from  the 
east  joins  it  at  this  point  also.  Still  farther  east  of  this  on  the  head  of 
Secret  Canyon  another  channel  comes  down  through  the  Pliocene  Mine, 
crosses  through  the  ridge  on  the  head  of  Little  Kanaka  Creek  and  joins 
the  Forest  channel  at  Alleghany. 

From  Alleghany  down  this  channel  was  extensively  worked  clear 
through  Chip 's  Flat  to  Minnesota  and  proved  exceedingly  rich.    Crossing 
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the  middle  fork  to  Orleans  from  tliis  point  on  down  it  Wcas  extensively 
hydranlicked  to  Moore's  Plat.  Entering'  the  rid^'e  again  above  Moore's 
Flat  it  crosses  the  head  of  Bloody  Run,  and  comes  throut^h  west  of 
l^ackbone  House  into  the  old  ]\ralakoir  dig^in^s  where  it  is  now  being 
drifted  by  a  local  company.  From  the  old  Derbcc  Mine  immediately 
above  North  Bloom  field  a  channel  can  be  traced  throuirh  the  northern 
edsre  of  Relief  Hill  up  by  Snow  Point  where  it  crosses  the  middle  fork 
of  the  Yuba  River.  From  here  on  up  to  American  Hill  there  is  still 
some  virgin  drift  ground.  Two  tributaries  enter  this  channel  on  the 
east  and  west  sides  of  the  camp  of  American  Hill.  From  American 
Hill  toward  the  northeast  this  channel  can  be  traced  through  the  lava 
capped  ridge  on  the  north  side  of  the  middle  fork  clear  up  to  Milton. 
At  Milton  a  fair  sized  body  of  hydraulic  ground  was  formed  from  the 
erosion  of  this  channel.  From  Milton  it  can  be  traced  northerly  to  the 
Hilda  Mine  southwest  of  IMilton  Creek,  and  it  is  again  picked  up  on 
the  opposite  side  of  the  north  fork  at  the  Thousand  and  One  Mine.  A 
branch  coming  in  from  the  Deer  Creek  drainage  meets  it  at  this  point. 
The  main  channel  goes  along  the  ridge  west  of  Williams  Creek,  cross- 
ing the  north  fork  of  the  North  Fork  below  Bassett's.  Erosion  from 
this  channel  on  Williams  Creek  has  created  a  very  promising  body  of 
hydraulic  gravel.  Follo^^dng  up  Sardine  Creek,  where  it  is  mostly 
eroded,  this  channel  is  again  picked  up  below  Gold  Lake.  At  this 
point  the  channel  crosses  a  pocket  belt  which  has  greatly  enriched  it. 
Above  here  it  is  joined  by  a  tributary  running  westerly  from  the 
Haskell  Peak  region.  The  main  channel  crosses  through  Church 
Meadows,  northwesterly  by  Gold  Lake  toward  Mt.  Elwell.  From  here 
its  course  is  rather  uncertain,  as  it  was  undoubtedly  affected,  so  far  as 
elevations  are  concerned,  by  the  dropping  down  of  the  IMohawk  Valley. 
Judging  by  the  enrichment  on  Jamison  Creek  and  by  the  exposures 
above  the  Little  Jamison  Mine,  it  is  probable  that  its  course  up  stream 
was  in  a  northerly  direction  for  a  matter  of  seven  or  eight  miles. 

On  this  channel  much  virgin  ground  remains  to  be  drifted  all  the 
way  from  Mt.  Elwell  down  to  American  Hill.  It  is  possible  that  some 
of  the  gravel  may  be  worth  while  drifting,  but  tlie  pay  is  exceedingly 
irregular  and  very  spotty. 

A  northward  flowing  tributary  on  the  east  side  of  English  Mountain 
and  Findley  Peak  joins  this  channel  near  Milton  but  is  of  no  economic 
importance. 

Below  Snow  Point  this  channel  is  joined  by  a  branch  which  comes 
down  from  Pinoli  Peak  through  the  granite  belt  north  of  Graniteville. 
This  is  joined  by  another  tributary  from  Bowman  Lake.  Gravel  in  this 
channel  is  practically  all  granitic  wash  and  will  probably  not  pay  to 
drift.  This  channel  can  be  traced  through  Shands  down  to  Relief  Hill, 
where  it  is  joined  by  another  minor  tributary  which  parallels  it  on 
the  south.    None  of  these  latter  channels  are  of  economic  importance. 

From  North  Bloomfield  east  a  very  important  channel  passes  through 
Relief,  where  it  has  been  extensively  hydraulicked  and  considerable 
hydraulic  gravel  remains.  Following  southeasterly  from  Relief,  the 
channel  has  been  eroded  by  the  south  fork  of  the  Yuba  but  can  be 
picked  up  again  at  Alpha.  From  here  on  its  course  through  Omega  can 
be  followed  by  immense  bodies  of  hydraulic  gravel.  From  Omega  it 
follows  the  head  of  Diamond  Creek  and  crosses  the  south  fork  of  the 
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Yuba  aGfaiii  at  Lan^s,  whoro  it  r-au  bo  tracod  up  to  Zion  TTill.  This 
channel  is  joined  by  anotlier  tributary  coining  tlu-oufjli  Lake  Valley 
north  of  Eniicfrant  Gap. 

At  Noi'th  ('oluiiibia  tliis  main  system  of  channels  is  joined  by  an 
equally  large  tributary  -wliieh  comes  from  the  south  by  way  of  Grizzly 
Canyon.  This  channel,  in  the  extent  of  its  drainage,  is  probably  quite 
as  large  and  quite  as  important  as  any  of  the  northern  ones.  Follow- 
ing up  the  stream  in  a  southerl}^  direction  tremendous  masses  of  low- 
grade  hydraulic  gravel  are  encountered  near  Blue  Tent  and  on  the 
Rock  Creek  drainage.  Apparently  one  branch  of  this  channel  passed 
through  Scott's  Flat  to  Quaker  Hill.  There  is  an  enormous  mass  of 
low-grade  gravel  at  Scott's  Flat.  The  other  branch  of  the  channel 
passed  through  Galbraith  and  crossed  above  the  north  and  south  forks 
of  Deer  Creek.  Below  this  they  were  joined  by  an  unimportant  south- 
ward flowing  tributary.  Joining  the  course  of  the  old  channel  again 
at  Quaker  Hill  enormous  masses  of  hydraulic  gravel  are  again  devel- 
oped. Presumably,  in  the  area  from  Scott's  Flat  to  Gold  Run  there 
is  in  the  neighborhood  of  a  billion  yards  of  gravel.  At  Hunt's  Hill, 
Red  Dog  and  You  Bet  extensive  mining  operations  were  carried  on 
in  the  early  days,  but  a  tremendous  amount  of  gravel  still  remains  to 
be  developed.  Coming  up  from  Tollhouse  above  Colfax  a  tributary, 
which  has  mostly  eroded  into  the  Bear  River,  joins  this  channel  near 
Little  York.  The  main  channel,  however,  swung  easterly  to  Dutch 
Flat  and  southerly  through  Gold  Run. 

In  connection  Avitli  the  effect  of  this  channel  upon  the  enrichment  of 
Bear  River,  it  may  be  stated  that  the  hydraulic  operations  of  Green- 
horn Creek  and  the  main  Bear  River  have  produced  a  tremendous  mass 
of  tailings  which  have  been  variously  estimated  to  still  contain  from  20 
to  40  cents  a  yard  in  value.  Several  years  ago  a  report  on  this  subject 
was  made  by  two  or  three  of  the  most  prominent  engineers  of  the  time, 
in  which  recommendations  were  made  for  a  tunnel  which  was  to  be 
driven  through  from  Bear  River  below  the  junction  of  Greenhorn  Creek 
to  Secret  Canyon,  a  tributary  of  the  American. 

The  idea  of  this  project  was  to  permit  the  working  of  the  enormous 
accumulation  of  tailings  on  Bear  River  and,  on  account  of  the  differ- 
ence in  elevation  between  the  bed  of  Bear  River  and  that  of  the  north 
fork  of  the  American,  to  thus  create  a  dump  which  would  permit  of 
the  disposal  of  the  tailings  in  their  reworking..  This  project  was  after- 
ward abandoned,  doubtless  because  it  could  not  be  satisfactorily  proved 
whether  the  value  in  the  tailings  were  sufficiently  great  to  permit  of  a 
profit  in  the  operation.  A  map  shoT^ing  the  location  of  the  principal 
properties  in  the  neighborhood  of  Dutch  Flat,  Red  Dog,  Little  York 
and  You  Bet  is  herewith  included.  This  map  also  shows  the  location  of 
this  proposed  tunnel  for  reworking  Bear  River  tailings. 

The  lower  reaches  of  Bear  River,  especially  in  the  rolling  land  above 
Wheatland,  have  resulted  in  the  concentration  of  a  certain  amount  of 
delta  gravel,  which  was  worked  in  the  early  days  for  man}^  years  with 
satisfactory  results.  Some  unsuccessful  dredging  has  been  done  on  the 
lower  reaches.  Owing  to  the  lack  of  w^ater,  most  of  this  work  was  done 
by  means  of  rockers  and  short  sluices  immediately  after  and  during 
the  rainy  season.  For  many  years  some  of  the  old-time  prospectors 
have  been  working  the  short  turns  and  bars  of  the  Lower  Bear  River 
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for  tho  lino  .2:ol(l  wliidi  is  aiimially  lu-oii^lil  down  from  the  erosion  of 
the  sonth  fork  of  the  Neocene  Yuba  in  the  neighhorliood  of  Dntcli  Flat 
and  Oreenhorn  Creek.  This  area  iiiidoul)tedly  eontaiiis  at  h'asi  a 
billion  yards  of  eeonoiiiically  workable  j^ravel. 

At  Duteh  Flat  this  channel  is  joined  by  a.  tril)ntary  from  Txcmin^ton 
Hill  t]irons:h  Lowell  Hill,  where  it  is  joined  by  a  minor  tributary; 
thenee  throui«h  Liberty  Hill  and  the  Polar  Star  to  Dnteh  Flat.  There 
is  still  a  tremendous  amount  of  f^ood  hydi'aulie  i^ravel,  ran^inj?  from 
10  to  25  cents  a  yard,  on  this  ehannel.  At  Dutch  Flat  this  channel  is 
also  joined  by  what  is  known  as  the  Alta  ehannel.  This  can  be  traced 
alon^r  the  line  of  the  Southern  Pacific  Railway  clear  to  Blue  Canyon, 
where  there  is  a  very  considerable  body  of  hydraulic  gravel.  Another 
branch  comes  down  from  Texas  Hill  through  Shady  Run  and  joins  this 
channel.  Still  another  minor  1)ranch  comes  across  the  north  foi-k  of 
the  American  River  through  Euchre  l^ar  and  joins  this  channel  at  Alta. 
Following  the  course  of  the  main  channel  from  Gold  Run  southerly 
through  AVisconsin  and  Lidiana  Hill  and,  crossing  the  north  fork  of  the 
American  River,  it  appears  again  in  the  foi-m  of  immense  masses  of 
hydraulic  gravel  at  Iowa  Hill.  It  is  here  joined  ])y  a  tributary  from 
Succor  Flat  through  Monona  Flat  and  Roach  Hill.  At  Iowa  Hill, 
extending  southerly  through  the  branches  of  Shirttail  Canyon,  are 
still  tremendous  bodies  of  hydraulic  gravel.  From  here  on  the  channel 
can  be  traced  southerly  through  Yankee  Jim,  where  there  is  still  con- 
siderable hydraulic  gravel  and  where  drifting  operations  are  now  car- 
ried on.  From  Forest  Hill  on,  this  channel  presents  a  most  bafHing  situ- 
ation, due  to  the  tilting  movements  at  the  close  of  the  Eocene  period, 
which  gradually  changed  the  direction  of  flow^ 

The  original  system,  working  upward  from  Yankee  Jim,  came 
through  the  Dardenelles  and  Forest  Hill  by  way  of  Bath  to  ^Michigan 
Bluff  and  up  through  Turke}^  Hill  and  the  Hidden  Treasure  to 
Damascus  ajid.  Red  Point;  thence  extending  around  l)y  AVestville  to 
Secret  Canyon. 

Another  branch,  which  has  been  greatly  eroded  by  the  American  and 
Rubicon  rivers,  runs  northeast  to  Devils  Peak  and  across  through  the 
Ralston  Divide. 

The  lower  reaches  of  the  middle  American  have  been  successfully 
dredged,  but  are  now  worked  out.  The  enrichment  undoubtedly  came 
from  the  erosion  of  this  system. 

At  the  close  of  the  Eocene  period,  with  the  beginning  of  the  heavy 
rhyolite  flows,  this  distribution  was  materially  changed.  Instead  of 
going  north  by  way  of  Yankee  Jim's  the  channel  turns  southwest  down 
the  present  middle  fork,  where  it  has  been  greatly  eroded.  An  inter- 
volcanic  channel  appears  on  the  Ralston  Divide  and  numerous  parallel 
ones  below  it,  all  converging  towards  Todds  Valley  and  Peckham  Hill. 

A  careful  study  of  this  region,  made  by  the  writer  during  1922,  was 
published  in  the  October  issue  of  'Mining  in  California,'  and  will  be 
quoted  bodily  herewith.  In  many  respects  the  waiter  has  found  reason 
to  differ  with  the  channel  system  as  quoted  in  the  Colfax  folio  of  the 
U.  S.  Geological  Survey.  In  the  main,  how^ever,  the  work  of  the  Survey 
has  been  so  thorough  and  so  painstaking  that  it  seems  of  little  use  to 
revamp  any  of  the  information  contained  therein.  For  this  reason  it 
seems  best  to  quote  also  from  the  report  upon  the  auriferous  gravels 
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^iven  ill  llio  Coir.-iN    lolio.      h'ollowing  is  llic  (luotation  J'roiri   '.Miniug 
in  California:' 

"Prom  both  the  historical  and  the  economic  standrjolnt,  the  buried  channels  of  what 
may  bo  termed  tiie  Cretaceous-Kocene  south  fork  of  the  ancient  river  system  which 
drained  the  major  portion  of  the  present  American  and  Yuba  rivers  territory,  are 
amontf  the  most  impoi-tant  in  the  state. 

"I<"rom  Yankee  Jim  on  northwesteily,  tiirough  Iowa  Hill  and  Dutch  Flat  to  its 
junction  witii  the  north  fork  at  Columbia,  the  course  of  this  channel  is  well  defined, 
arid  admits  of  little  argvnnent.  From  Yankee  Jim  east,  however,  there  is  a  vast 
(IHTtMence  of  opinion  witli  regard  to  the  conclation  of  this  stream  and  its  tributaries. 

"This  is  largely  due  to  the  change  in  drainage  of  the  system  which  occurred  toward 
the  close  of  the  Eocene  period  and  contemporaneously  witii  the  earlier  rhyolite  flows. 
It  seems  undoubtedly  to  be  the  case  that  a  large  block  of  the  western  slope  of  the 
Sierras  was  tilted  and  dropped  at  this  time,  and  comparatively  abruptly  ;  because  a 
drainage  was  establisiied  toward  tlie  southwest,  and  approximately  down  the  course 
of  the  present  middle  fork  of  the  American,  along  lines  whicii  it  retains  to  this  day; 
although  a  gradual  sub.seciuent  uplift  during  Quaternary  time  has  altered  the  course 
of  present  day  sticams,  and  heavy  erosion  has  taken  place.  Coincident  with,  and 
immediately  following  upon,  this  shilt,  new  channels  were  cut.  The  Hows  of  lava 
pouring  down  the  western  slope  at  intervals,  in  part  following  the  old  stream  beds 
and  in  part  obliterating  them  and  transporting  their  contents  to  other  courses ;  the 
dams  of  volcanic  ash  temporarily  created  and  later  released  like  tremendous  'self- 
shooters,'  with  all  the  volume  of  pent-up  torrents  behind  them  to  cut  new  courses; 
and  the  comparatively  quiescent  periods  between  lava  flows  when  the  new  streams 
pursued,  perhaps  for  thousands  of  years  at  a  time,  new  and  wandering  courses,  dis- 
tributing both  new  and  ancient  wash  according  as  they  were  cutting  lava  or  ancient 
stream  beds ;  all  of  these  influences  combine  to  produce  perhaps  a  unique  condition, 
and  certainly  one  of  the  most  puzzling  and  complex  situations  with  which  the  gravel 
miner  has  ever  had  to  contend. 

"In  working  out  this  system,  it  is  absolutely  necessary  to  make  one  sharp  distinction 
primarily  ;  that  between  tlie  tributaries  of  the  old  Cretaceous-Eocene,  northward  flow- 
ing stream,  and  those  of  the  post-Eocene,  southwesterly  course. 

"In  doing  this,  it  is  impossible  to  correlate  exactly.  Drainage  lines  as  followed  out 
may  not  have  been  contemporaneous  by  a  matter  of  a  thousand  years,  or  even  several 
thousands  ;  but  along  broad  general  lines,  it  seems  perfectly  clear  that  the  system  is 
well  established. 

"To  begin  with  tlie  prevolcanic  system.  Following  upstream  from  Yankee  Jim 
through  Forest  Hill,  Mayflower  and  Bath  to  Michigan  Bluff,  we  have  an  important 
tributarj'^  coming  down  from  the  north  which  we  may  follow  up  through  Gas  Hill, 
Turkey  Hill,  Hidden  Treasure  and  Sunny  South  to  Damascus  and  Humbug  Bar,  with 
a  tributary  coming  in  by  way  of  Red  Point  which  may  be  traced  below  Westville  clear 
up  to  the  head  of  Secret  Canyon.  This  evidently  had  a  divided  course  at  a  later  period, 
crossing  over  through  Black  Canyon  and  being  joined  by  a  tributary  from  Whiskey 
Hill,  and  later  resuming  its  course  near  Westville.  Another  tributary  to  the  Hidden 
Treasure  branch  came  in  by  way  of  Deadwood.  This  in  turn  may  be  traced  through 
Last  Chance,  American  Hill  and  north  of  Antone  Canj'on  up  to  Canada  Hill  and  Sailor 
Ravine. 

"Coming  back  to  the  junction  at  Bath,  we  have  the  old  Breece  and  Wheeler  channel. 
For  some  distance  this  has  been  eroded  ;  but  in  general  it  followed  the  middle  fork  to 
the  Rubicon  and  up  Long  Canyon  nearly  to  Wallace,  w^here  it  crossed  to  the  south 
side  and  goes  through  what  is  now  Nevada  Point  to  Little  Grizzly ;  thence  up  Pigeon 
Roost  to  the  eastern  slope  of  Devils  Peak,  where  it  is  very  deeply  buried  under  sub- 
sequent lava ;  thence  through  and  across  the  upper  portion  of  Long  and  Wallace 
canyons  to  the  northeast  side  of  Jerry's  Canyon,  where  it  went  through  the  Ralston 
Divide  and  its  entrance  may  be  seen  above  the  Little  Crater.  From  Jerry's  Canyon 
on  down  another  run  of  this  same  channel  may  be  traced  around  Blacksmith  Flat  by 
way  of  the  old  Clydesdale  over  to  the  Nevada  Point  side,  where  it  joins  the  old  course. 
Following  up  from  Little  Crater,  it  crosses  the  middle  fork  to  Duncan  Creek,  where  it 
is  joined  by  two  tributaries  :  the  Blue  Eyes,  coming  down  from  Deep  Canyon  ;  and  the 
Glen,  coming  down  from  Flat  Ravine.  Continuing  north  through  the  Hard  Climb  to 
Clialk  Bluffs,  it  goes  up  the  middle  fork  toward  Castle  Peak. 

"Again  coming  back  to  a  junction  southwest  of  Bath,  we  have  another  major  fork. 
Crossing  in  a  southerly  direction  near  Volcanoville,  we  follow  it  upstream  southeasterly 
toward  Twelve  Mile  House  and  along  tlie  Georgetown  Divide  through  Fornis  Ranch, 
across  Pilot  Creek  to  Eleven  Pines,  and  on  the  south  side  of  the  Rubicon  through  Uncle 
Tom's  and  thence  easterly  and  northerly  by  way  of  Mount  Mildred  to  Tahoe.  A 
tributary  comes  from  the  southwest  near  Robb's  Peak  and  joins  this  near  the  eastern 
edge  of  the  Placerville  quadrangle. 

"South  of  this  area,  w^e  liave  tributaries  running  into  another  great  stream,  which 
was  at  this  time  the  equivalent  of  the  present  south  fork  of  the  American,  with  regard 
to  territory  drained.  Commencing  near  the  head  of  Rock  Creek  and  also  the  head  of 
■Silver  Creek  we  have  two  channels  which  drained  southerly,  and  are  almost  eroded 
except  for  fragmentary  patches  until  we  get  to  Wliite  Rock  Canyon  and  to  Badger 
Hill,  respectively.     Their  relation  to  the  intervolcanic  streams  will  be  shown  later. 

"Such  was  the  general  situation  during  Cretaceous  and  Eocene  times.  These  chan- 
nels had  planed  down  the  metamorphic  rocks  of  the  Sierras  for  probably  a  million 
years  or  more.  In  their  beds  was  the  source  of  most  of  the  present  day  enrichment 
of  the  placers  of  this  portion  of  the  Sierras.  Like  gigantic  sluice  boxes  they  stretched 
their  shining  lengths  over  the  rolling  foothills  of  the  Sierras,  wending  their  way 
toward  the  northward  flowing  tributary  of  the  Cretaceous  Yuba,  and  contributing  to 
the  enormous  masses  of  gravel  already  deposited  in  the  glacier-hewn  channels  of  what 
is  now  Quaker  Hill  and  Blue  Tent.  Whenever  these  streams  crossed  a  rich  pocket 
and  seam  area,  like  that  running  northerly  through  Georgetown  and  Michigan  Bluff, 
they  were  enormously  enriched ;  but  the  heavy  gold  gained  from  these  areas  did  not 
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travtl  far  and  honoo  tluso  (.luiiiiuMs  were,  liko  tlioso  of  the  present  day,  extremely 
spottv.     The  fine  Rohl  was  far  more  generally  distributed.  ,      ♦  ♦»,     i    o   ^ 

"The  becinning  of  the  L-ra  of  intensive  vulcanism  is  Renorally  plaeod  at  the  latter 
end  of  the  Eoeene  period.  The  first  manifestations  of  it  wen-  .-xtensive  Hhowt-rs  of 
voUanle  ash  and  pumice,  which  coated  the  Hanks  of  the  Sierras  for  many  feet  in  dr-pth. 
Probablv  tlie  souirc  of  these  eruptions  can  be  tranod  to  two  or  three  vents;  and  from 
the  present  topography  it  is  rather  hard  to  estimate  their  positions.  These  ventH 
covered  the  Cretaceous  summit  of  the  Sierras  and  its  flanks  for  over  a  hundred  mdes 
in  length  with  a  mass  of  steaming  mud  and  lava.  „    .     .         ,  ,,  ,         .. 

"As  the  thick  coating  of  ash  was  gathered  up  by  the  tributaries  of  the  region.  It 
collected  in  enormous  masses  alontr  the  main  channels,  causing  them  to  dam  un  and 
change  their  courses.  Then  came  the  first  flows  of  rhyolite.  and  a  period  of  compara- 
tive quiescence  for  a  few  thousan.l  years.  New  cement  channels  were  formed,  cutting 
the  old  ones  and  changing  the  drainage  lines;  but  in  general  the  course  of  the  drainage 

was  the  same.  .        x,  ,*i. 

"Next  came  the  enormous  eruptions  of  rhyolite  and  other  acid  lavas,  together  with 
tlie  older  basalts  on  the  north.  Pouring  down  the  mountain  sides  in  slow-moving 
masses,  converting  whole  rivers  into  steam  and  causing  tremendous  explosions  along 
their  flanks  and  beneath  the  viscous  masses,  they  cooled  and  solidified,  raising  the 
enormous  rock  masses  that  we  now  know  as  the  Ralston  Divide,  the  Nevada  Point,  and 
the  Georgetown  Divide,  which  were  greatly  increased  in  their  relief  by  the  later  erosion 
of  Quaternarv  streams.  Coincident  with  this  came  the  dropping  down  of  the  area 
south  and  west  of  the  present  middle  fork  of  the  American.  A  new  drainage  to  the 
ocean  was  established  in  a  relatively  short  time;  the  then  shore  line  being  at  the  edge 
of  the  Sierras,  and  the  diversion  point  being  somewhere  near  the  Dardanelles. 

"Intermittently,  then,  wai?  created  a  whole  new  system  of  Tertiary  streams,  which 
mav  well  be  ternied  the  sluice  robbers  of  that  and  even  of  a  later  period. 

"The  effects  of  this  sudden  change  are  well  shown  at  Tod<]s  Valley.  Enormous 
masses  of  rhyolite  lava,  alternating  with  flows  of  steaming,  viscid  mud.  tore  down  the 
old  courses  of  the  white  quartz  and  metamorphic  channels  and  picked  up  their  con- 
tents bodily  until,  losing  their  grade  and  their  momentum,  they  deposited  them  in  this 
flat  space.  Quaternary  erosion  did  the  rest,  the  gold  concentrated,  and  the  result  was 
the  enrichment  of  Todds  Valley.  The  gold  originally  lay  in  the  channels  of  the  old 
Cretaceous  river  ;  but  these  sluice  robbers  picked  it  up  and  redeposited  it.  Another 
similar  drainage  was  established  by  way  of  Peckham  Hill.  Passing  east  through 
Volcanoville.  we  can  follow  another  stream  of  this  system  which  is  joined  by  a  tribu- 
tary coming  down  the  Ralston  Divide.  This  latter  nicked  un  its  enrichment  from  the 
crossing  of"  the  old  channel  near  and  below  the  Goggin  diggings.  Gathering  some 
legitimate  enrichment  in  crossing  the  pocket  belt,  but  for  the  most  part  containing 
what  gold  it  had  taken  from  the  older  channel,  this  meets  the  Volcanoville  Tertiary, 
which  heads  somewhere  east  of  Bacchis.  Together  they  form  a  larger  channel  w^hich 
crosses  Otter  Creek  to  Gravel  Hill  and  Jones  Hill,  and  on  into  the  present  middle 
fork,  where  they  were  in  turn  eroded.  At  .Tones  Hill,  or  near  there,  this  main  channel 
is  joined  by  another  Tertiary  stream  which  comes  down  from  Seven  Mile  House 
throush  Bottle  Hill.  This  also  has  another  course  through  Three  Mile  House  and 
southwest  of  the  Georgia  Slide,  where  it  doubtless  picked  up  some  legitimate,  primary 
enrichment.  The  Ralston  Divide  branch  also  had  another  tributary  which  later  buried 
Nevada  Point  under  a  tremendous  lava  flow. 

"To  the  southward,  via  Kentucky  Flat,  Tiedemenn's,  and  Tipton  Hill,  still  further 
flows  of  volcanic  mud  and  ash.  as  well  as  rhyolitic  lava,  poured  down  the  Rock  Creek 
drainage  toward  Placerville.  Later,  this  channel,  both  in  its  Cretaceous  and  Tertiary 
form,  was  eroded  by  Rock  Creek  between  Tipton  Hill  and  "WTiite  Rock  Canvon.  A 
few  traces  of  the  gravel  remain  on  widely  separated  points.  The  same  condition  was 
duplicated  both  as  to  formation  and  erosion  by  Silver  Creek  in  the  channel  which  came 
down  from  Eleven  Pines  by  way  of  Mundy's  and  McManus  to  Badger  Hill. 

"While  these  Tertiary  channels  may  have  accumulated  a  little  srold  for  themselves, 
in  the  main  they  secured  what  wealth  they  have  from  their  crossing  and  intermingling 
with  the  older  Cretaceous  drainage  already  described.  In  the  main,  they  do  not  pay 
to  drift,  except  near  the  sources  of  their  enrichment  ;  and  often  they  do  not  pay  to 
hydraulic.  They  are  marked  by  a  heterogeneous  collection  of  quartz  and  metamorphic 
gravels  robbed  from  the  older  streams,  and  by  rhyolite  boulders  and  ash,  as  well  as 
intermittent  solid  rhyolite  flows. 

"The  principal  one  of  these  channels  was  undoubtedly  the  Ralston  Diviie-Volcano- 
ville  ;  and  up  near  the  Goggin  diggings,  where  it  more  or  less  conformed  to  the  old 
drainasre.  there  was  a  fair,  if  somewhat  snotty,  gold  content.  Again  at  the  Ralston 
T^it.  whc-e  it  mav  have  caught  a  northerlv  swing  of  the  old  channel  over  toward 
Brushy  Creek,  before  the  piling  up  of  the  main  lava  flow,  and  stripped  the  same,  there 
appears  to  have  resulted  some  enrichment.  Asrair.  we^t  of  Volcanoville.  this  channel 
has  been  enriched  by  crossing  another  of  the  old  channels.  This  enrichment  continues 
all  th<^  way  to  .Tones  Hill,  where  there  was  good  hydraulic  groimd. 

"Wherever  the  modern  rivers  crossed  and  reconcentrated  the  Tertiary  channels, 
there  was  little  relative  enrichment ;  but  wherever  they  crossed  the  channels  of  the 
old  Cretaceous  sj-stem.  as  at  Horseshoe  Bar,  the  enrichment  appears  to  have  been  the 
greatest." 

The  following  is  quoted  from  the  Colfax  folio  of  the  U.  S.  Geological 
Survey : 

"Auriferous    Gravels. 

"Neocene  pre-volcanic  gravels. — Along  Oregon  Creek  several  bodies  of  travel  are 
exposed,  lying  on  flat  benches  sometimes  less  than  100  feet  above  the  stream.  The 
gravels  at  Tippecanoe  are  100  feet  thick  and  consist  of  quartz  and  chert  pebbles,  often 
imperfectly  washed.  They  contain  no  volcanic  rocks.  The  course  of  the  Neocene 
Stream  must,  as  shown  by  bedrock  relations,  have  followed  the  present  Oregon  Creek. 
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'riu-  Kiavrl  ;il  lU-maigis  ami  (.Jalcs  di^'KinHs.  'J  miU-s  fartlKir  ii|)  tlie  cicck,  is  similar. 
At  TippiM-amx'  a  few  acros  liavi*  ]>vvu  liydraulickcd,  and  some  woik  lias  also  Vjeen  done 
at  <Jal('s:  tile  jiiavol  is  here  HO  fi'ct  thick  and  is  covoicd  witli  10  foet  of  pipe  clay. 
Small  l)odi(\s  of  gravel  croj)  near  Nelson  mill,  and  l)elovv  tiie  andcsitt^  one  mile  east  of 
I'lum  Valley.  A  sharply  defined  channel  containing  little  if  any  gravel  is  noted  at 
Daneckes  tiimicl,  lij  miles  northwest  of  Tipiiecanoe,  Tiiis  Neocene  gulch  prol>ahly 
lirained  noit iiward. 

"A  .iuiution  of  two  important  streams  took  place  near  North  Cohiml>ia,  and  here 
the  auriferous  gravcKs  are  develoi)ed  to  a  greater  extent  than  at  any  other  place.  In 
the  Smartsvillc  (piadranKJe  tlicre  i«  a  large  area  of  gravel  extending  from  Badger  Hill 
to  tile  limit  of  tlu!  (|iiadrangl(>.  This  is  ccjntinued  in  this  (piadrangle  as  far  east  as 
North  r.loomticlil.  coNcring  altout  S  sciuaic  miles.  Tiiere  was  doiil)llcs.s  a  deep  channel 
wifli  slifAlit  gra(i(>  running  from  drizzly  Hill  (one  mile  southwest  of  Kennebec  House) 
to  IJadger  Hill,  wlicri!  it  was  .joined  l)y  the  steeper  channel  of  North  lihjomfield  from 
the  east.  The  North  C'oluml)ia  gravels  are  among  the  m(jst  (extensive  and  deepest 
known,  tlH>  deptli  along  the  center  of  tlie  channel  being  from  400  to  500  feet.  Tlie 
gravel  in  thi>  deepest  trough,  exposed  at  Badger  Hill  and  Grizzly  Hill,  is  coarse  and 
made  up  largely  of  metamorphic  rocks,  wliile  the  top  gravel,  spread  out  over  the 
benches,  is  line  and  mucli  more  (juartzose.  Near  the  surface,  and  especially  up  toward 
the  l)ase  of  tlie  lava  How,  tliere  aie  heavy  masses  of  sand  and  light-colored  clays. 

"The  gravels  at  North  Columbia  are  owned  chiefly  by  the  Eureka  Lake  Company, 
their  claims  covering  an  area  of  1445  acres  along  2i  miles  of  channel.  A  large  amount 
of  surface  work  has  been  done  and  150  feet  of  gravel  has  been  washed  oflf.  The  deep 
part  of  the  deposit  exposed  at  Grizzly  Hill  could  be  reached  only  by  running  long  and 
.  exjiensive  bedrock  tunnels  ;  this  would  have  been  done  but  for  the  injunctions  against 
hydraulic  mining.  It  is  estimated  that  L'5,000,000  cubic  yards  have  been  washed  off 
and  that   105,000,000  cubic  yards  remain. 

*  i:  *  -i  i!  *  * 

"Mining  operations  from  tlie  Derbec  shaft  lia\-e  i)rove(l  tiie  existence  of  a  deep 
cliaiinel  extendinti-  for  s(>veral  tliousand  feet  (.'astward.  This  is  not  the  main  Nortli 
Bloomtield  channel  though  it  connects  witla  that  a  sliort  distance  westward.  The 
Derbec  cliannel,  whicli  lias  a  steep  grade,  has  been  mined  up  stream  from  the  shaft 
for  a  distance  of  7000  feet,  following  a  curve;  tlie  widtli  of  pay  gravel  was  from  150 
to  600  feet;  the  height  was  from  8  to  16  feet  from  tlie  bedrock.  The  gravel  is  coarse 
with  many  boulders,  some  of  which  are  of  granite.  Tlie  average  value  per  ton  is 
$2.47.  The  mine  was  in  operation  from  1877  to  1893,  and  the  production  in  some  years 
reached  $200,000. 

"There  can  be  but  little  doubt  that  the  Derbec  channel  continues  towards  Relief. 
At  Relief  erosion  has  exposed  a  deep  trough  in  the  old  bedrock  and  about  200  acres  of 
auriferous  gravels.  The  oldest  gravels,  as  usual  coarser  and  containing  less  quartz, 
are  60  feet  deep  and  are  covered  by  from  100  to  200  feet  of  alternating  sand,  fine 
quartz  gravel  and  clay.  Some  hydraulic  work  was  done  long  ago  at  the  southern  and 
eastern  rims.  For  many  years  drifting  operations  only  have  been  carried  on.  The 
Union  tunnel  about  2  500  feet  long  has  been  driven  from  the  southwestern  side  of  the 
gravel  area,  and  amounts  up  to  $30,000  and  $40,000  per  year  have  been  produced  for 
a  number  of  years.  Drifting  has  also  been  done  from  the  Blue  Gravel  tunnel,  starting 
from  the  northeastern  side  of  the  deposit. 

"For  a  long  distance  east  of  Relief  the  bedrock  keeps  high,  and  no  gravel  outcrops 
along  the  contact,  but  at  Mount  Zion,  at  Devil's  Canyon,  fine  quartz  gravel,  having  a 
thickness  as  great  as  50  feet,  crops  below  the  North  Bloomfield  ditch  for  a  distance  of 
nearly  one  mile.  Some  little  hydraulic  work,  as  well  as  drifting,  has  been  done  here. 
Many  years  ago  the  main  tunnel,  running  due  west  for  1400  feet,  struck  bedrock 
pitching  west.  It  is  probable  that  this  gravel  filled  a  tributary  running  northward  and 
joining  the  Derbec  channel. 

~"At  Cherry  Hill,  betw'een  Shands  and  Mount  Zion,  a  small  body  of  gravel  crops 
below  the  North  Bloomfield  ditch.  A  few  very  small  areas  were  noted  at  Shands ; 
the  largest  was  100  feet  thick,  composed  of  well-washed  pebbles,  and  covered  by  sub- 
angular  gravel.  The  small  patches  north  and  south  of  Graniteville  are  also  partly 
subangular  gravel.  Well  washed  gravel  crops  below  the  andesite  north  of  the  town 
but  is  thin  and  irregular.  A  small,  rapidly  rising  channel  probably  continues  for  some 
distance  below  the  la^.a. 

"At  Snow  Point  and  Orleans  are  small  bodies  of  auriferous  gravel,  the  bedrock 
rising  rapidly  southward.  At  both  places  the  gravels  have  been  nearly  exhausted  for 
hydraulic  mining.  A  little  drifting  has  also  been  done  at  Snow  Point.  At  this  place 
the  bank  is  135  feet  high;  the  lower  15  feet  contains  coarse  gravel,  covered  by  90  feet 
of  fine  sandy  quartzose  gravel,  again  overlain  by  20  feet  of  clay.  At  Orleans  the 
gravel  was  also  largely  quartzose.  West  o^'  Orleans  is  Moore's  Flat,  where  a  consid- 
erable body  of  gravel  is  exposed.  It  is  of  the  same  character  as  at  .Snow  Point,  from 
100  to  130  feet  thick,  and  is  covered  by  andesitic  breccia.  Boulders  of  quartz,  from 
2  to  6  feet  in  diameter,  are  found  on  the  bedrock.  It  is  estimated  that  26,000,000 
cubic  yards  have  been  waslied  off,  and  that  perhaps  15,000,000  remain. 

"At  Woolsey  Flat  there  is  likewise  a  large  body  of  gravel  exposed.  The  heavy 
gravel  up  to  a  thickness  of  100  feet,  is  similar  in  character  to  that  just  described,  but 
it  is  then  covered  by  as  much  as  150  feet  of  clay.  In  all  of  these  gravel  bodies  the 
gold  on  the  bedrock  is  rather  coarse.  But  little  hydraulic  gravel  remains  at  Woolsey 
Flat,  as  the  thickness  of  the  nonproductive  strata  is  rapidly  increasing.  The  produc- 
tion of  these  hydraulic  mines,  while  very  large,  is  not  definitely  known.  None  of  them 
have  been  in  operation  since  1886. 

*  S-  *  *  i  *  * 

"The  continuation  of  the  Minnesota  channel  is  found  one  mile  south  of  Alleghany 
at  Smith's  Flat,  somewhat  higher  in  elevation  than  Chip's  Flat.  Here  a  little  hydraulic 
work  has  also  been  done  and  the  banks  are  fifty  feet  in  height.  From  here  the  chan- 
nel has  been  drifted  tlirough  to  Forest.  As  usual  in  this  channel  the  bottom  gravel  is 
coarse  and  contains  many  flat  cobbles  and  boulders  of  a  bluish-white  siliceous  slate  ; 
also  much  quartz.     The  gold  on  the  bedrock  is  coarse,  and  has  often  worked  its  way 


(JOliD    I'LACEKS    (JK    ('AMKOHNIA .  133 

down  t^ome  tHstain.»"  iiilu  the  (.k'fOini)usc(l  bnlrock.  The  i»ruduf.lion  c»f  this  channel  has 
anunintod  to  s*'Voral  niillitm  dollars,  tliouKh  it  Is  impossible  to  obtain  exact  statistics. 
One  of  the  most  successfully  worked  claims  was  that  of  the  Live  Yankee,  extending 
aiuUK  -Mi»>(»   feet   of  channel.     Its  production   was  nearly   $7()(».(»(»0. 

"A  small  amount  of  heavy  gravel  croi)S  at  Korest,  ])ut  the  cliannel  enters  the 
noitheni  ridge  immediately  and  continues  in  a  north  northeast  direction.  It  was 
worked  by  the  Haid  Mountain  (J'omi)aMy,  from  ISTli  to  ISTti,  for  a  distance  of  about  a 
mile,  producing  :f  150,000.  The  gravel  was  extracted  to  a  height  of  3i  feet,  including 
one  foot  of  bedrock.  The  yield  per  cubic  yard  of  unbroken  gravel  was  about  $7.  A 
shaft  sunk  ISOO  feet  from  the  mouth  shows  215  feet  of  clay  and  sand  covering  15  feet 
of  gravel;  no  such  heavy  masses  of  silt  are  found  farther  down  on  this  channel.  The 
Raid  Mountain  channel  was  found  to  be  cut  off  by  a  lower  intervolcanic  channel  filled 
witli  lava,  but  continues  beyond  this  to  the  Ruby  Mine  and  tiie  Downieville  quadrangle. 

"At  Blue  Tent  the  gravel  crops  extensively  below  the  lava,  tilling  a  deep  trough  in 
tile  bedrock,  tin-  deepest  part  having  the  same  elevation  as  Grizzly  Hill  across  the 
i-anyon.  The  bottom  gravel  is  coarse  and  cemented  and  is  covered  by  over  300  feet  of 
light-gray  sand  and  clay,  mixed  with  tine  (luartz  gravel.  The  sand  is  particularly 
abundant  and  nearly  barren.  About  15,000,000  cubic  yards  have  been  removed  and 
some  90,000,000  remain,  much  of  which  is  barren  clay  and  sand.  The  lower  gravel 
averaged  15  cents  or  more  per  cubic  yard,  while  the  sandy  top  gravel  contained  only 
2*  cents. 

"On  the  ridge  northeast  of  Nevada  City  a  small  but  rich  channel  has  been  drifted 
from  the  east  and  west  Harmony  inclines.  The  gravel,  which  is  partly  subangular,  is 
taken  out  to  a  depth  of  four  feet.  In  Rock  Creek  below  the  andesite  lie  large  masses 
of  clay  and  sand,  similar  to  tlie  deposit  of  Blue  Tent.  Still  larger  accumulations  are 
exposed  at  :Scott's  Flat  and  Quaker  Hill.  The  gravel,  covered  with  rhyolitic  tuff  and 
yndesite,  fills  the  deep  trough  well-exposed  by  Deer  Creek  and  Greenhorn  River.  Along 
the  principal  channel  the  gravels  are  nearly  600  feet  deep;  the  bench  gravels  surround- 
ing the  deepest  trough  are  about  300  feet  in  depth.  At  Hunt's  Hill  the  deepest 
I  iiannel  exposed  by  mining  operations  is  about  the  level  of  the  tailings  In  the  river. 
Xorth  of  this  point  it  is  not  visible  imtil  exposed  again  at  Blue  Tent.  The  evidence 
of  the  bedrocl<  relation,  and  tlie  accumulation  of  gravel  clearly  show  that  the  deep 
channel  is  continuous  from  Hunt's  Hill  to  Blue  Tent.  A  shaft  has  been  sunk  in  the  old 
diggings  at  Quaker  Hill  and  bedrock  was  found  at  an  elevation  of  about  2650  feet.  A 
shaft  sunk  in  tlie  creek  at  Scott's  Flat  struck  bedrock  at  an  elevation  of  about  2770 
feet,  the  lowest  bedrock  not  being  found.  At  Quaker  Hill  the  width  of  the  channel 
.said  to  pay  for  drifting  is  about  130  feet  and  the  depth  of  pay  gravel  is  from  four  to 
sixteen  feet.  As  usual  the  gravel  is  coarse  and  cemented  in  the  deep  trough,  while  the 
bench  gravels,  several  hundred  feet  thick,  are  chiefly  fine  quartz  gravel  mixed  with 
sand. 

"The  yield  of  the  top  gravel  rarely  exceeds  6  cents  per  cubic  yard  in  fine  gold, 
while  the  bottom  gravel  may  be  very  rich.  It  is  estimated  that  near  Scott's  Flat 
12,000.000  cubic  yards  have  been  removed,  while  35.000,000  measures  the  amount  at 
Quaker  Hill,  where  the  gravel  banks  reach  a  thickness  of  250  feet.  A  vast  amount  of 
workable  gravel,  estimated  at  140,000,000  yards,  remains  at  Quaker  Hill.  At  both 
Quaker  Hill  and  Scott's  Flat  it  is  difficult,  if  not  impossible,  to  obtain  dumping  ground 
and  sufficient  grade  for  sluices. 

"Deep  gravel  fringed  with  rhyolite  for  three  miles  east  of  Quaker  Hill  represents 
without  much  doubt  a  tributary  crossing  the  ridge  near  Galbraith's.  South  of  this 
place  there  is  about  100  feet  of  clay  underlain  by  some  gravel.  Here  some  drifting 
has  been  done,  both  on  the  north  and  south  sides.  Heavy  clay  masses  are  exposed  at 
Burrington  Hill,  wiiere  some  hydraulic  work  was  done  long  ago.  The  gravel  of  this 
tributary  has  also  been  hydraulicked  on  the  north  and  south  sides  of  the  Quaker  Hill 
ridge. 

"High  bedrock  appears  on  the  ridge  three  miles  northeast  of  Quaker  Hill.  East  of 
this  are  exposed  the  small  Red  Diamond  channel  on  the  north  side  of  the  ridge,  and 
other  channels  covered  with  deep  clay  on  the  south  side.  A  little  work  has  been  done 
on  all  of  them.  At  Cooper's  Mill  it  is  said  that  an  old  incline  was  sunk  on  the  rim, 
tracing  the  bedrock  down  to  an  elevation  of  3500  feet.  If  this  is  correct,  it  would  be 
highly  remarkable,  as  this  is  considerably  lower  than  the  rim  rock  at  any  point  in 
this  lava  area  and  it  would  imply  the  existence  of  a  closed  basin.  The  imoortant 
Centennial  channel  is  covered  by  this  same  lava  area.  Buckeye  Hill  is  a  small  mass 
of  bench  gravel  southeast  of  Quaker  Hill.  The  gravel  has  been  almost  entirely 
removed. 

"At  Red  Dog  and  Hawkin's  Canyon  near  You  Bet  the  deep  channel  has  again  been 
exposed  and  is  beyond  doubt  continued  between  the  two  points.  The  gravel  is  similar 
to  that  of  Quaker  Hill.  The  deepest  gravel  has  been  hydraulicked  only  at  the  places 
mentioned,  but  considerable  drifting  by  means  of  tunnels  and  inclines  has  been  done 
from  Niece  and  West's  claims  for  IJ  miles  northeast  on  the  Steep  Hollow  side.  The 
channel  has  very  little  fall,  the  average  elevation  being  2  600  feet.  It  is  estimated 
that  47,000,000  cubic  yards  of  gravel  have  been  removed,  leaving  over  100.000.000 
yards  available.  Much  of  this  would,  however,  be  difficult  to  wash  on  account  of  lack 
of  grade.  Reports  of  yield  and  grade  of  gravel  are  not  available,  but  the  You  Bet 
diggings  have  probably  produced   $3,000,000. 

"The  Little  York  gravel  area  contained  a  fragment  of  the  old  deep  channel,  which 
has  been  almost  completely  removed  by  hydraulic  mining.  The  character  of  the  gravel 
is  similar  to  that  of  You  Bet.  As  usual  the  narrow,  deep  channel  contains  a  hard 
cemented  gravel  3  0  or  40  feet  thick,  capped  by  as  much  as  350  feet  of  fine  gravel, 
interstratified  with  some  clay  and  sand.  Large  boulders  of  quartzite  and  quartz  occur 
on  the  bedrock,  both  in  the  deep  channel  and  on  the  benches.  The  vield  has  nrobablv 
exceeded  $1,000,000.  The  continuation  of  the  deep  channel  is  found  at  Dutch  Flat  and 
its  direction  is  nlainlv  marked  by  the  small  intervening  gravel  bodies  of  Missouri  Hill 
and  Eastman  Hill.  The  principal  area  at  Dutch  Flat  extends  east  to  west  for  a  mile : 
the  gravel  has  a  maximum  depth  of  about  300  feet,  the  lower  150  feet  consisting  of 
coarse  blue  gravel,  largely  made  up  of  metamorphic  rock,  well  cemented  and  covered 
by  varying  thickness  of  finer  quartz  gravel,  clay  and  sand.     In  the  lower  gravel  and 
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on  the  bedrock  heavy  boulders  are  plentiful.  The  channel  has  a  very  strong  grade, 
in  marked  c:ontrast  to  the  level  stretch  below  You  Bet.  Hydraulic  work  has  been  done 
chiefly  at  tiie  eastern  and  western  end,  at  both  of  which  places  the  deep  bedrock  is 
exposeil.  About  1)0,000,000  cubic  yards  have  been  washed  and  a  considerably  less 
amount  remains.  Practically  the  whole  extent  of  channel  has  been  drifted  and 
cemented  gravel  worked  in  stamp  mills.  The  yield  is  not  known  but  probably  exceeds 
$3,000,000.     The  I'ohir  Star  gravel  is  said  to  average  11  cents  per  cubic  yard. 

"J'^rom  Duteli  Flat  the  gravel  area  continues  southward,  narrowing  to  a  few  hundred 
feet  at  Squire's  Canyon  and  widening  to  from  1500  to  3000  feet  near  Gold  Run;  its 
soutliern  end,  overlooking  the  American  River,  is  called  Indiana  Hill,  Over  a  large 
part  of  this  area  tlie  gravel  is  deep,  reaching  in  places  300  feet  and  even  a  maximum 
of  400  feet. 

"The  surface  is  as  usual  reddi.sh,  containing  many  small  quartz  pebbles  and  some 
interstratified  sand  and  clay.  The  bottom  gravel  in  the  deep  trough  at  Indiana  Hill 
shows  60  feet  of  coarse  cemented  blue  gravel  with  a  large  proportion  of  metamorphic 
boulders;  the  lowest  trough  is  liere  from  300  to  500  feet  wide.  The  question  whether 
there  is  a  deep  and  continuous  channel  from  Indiana  Hill  to  Dutch  Flat  ivs  one  of 
much  importance.  Deep  bedrock  has  been  found  at  Jeliosaphat  Hill,  half  a  mile  south 
of  Dutch  Flat,  having  an  elevation  of  2877  feet,  this  part  of  the  channel  clearly  con- 
necting with  Thompson  Hill,  a  short  distance  northward.  In  Squire's  Canyon,  where 
the  gravel  area  narrows  down  to  500  feet  in  widtli  and  the  elevation  is  about  3050 
feet,  a  shaft  is  stated  to  have  been  sunk  to  a  depth  of  about  150  feet,  striking  pitching 
bedrock  at  that  depth,  and  showing  the  existence  here  of  a  deep  trough,  having  an 
elevation  of  less  than  2900  feet.  If  this  is  correct,  there  is  little  doubt  that  a  continu- 
ous deep  channel  exists  between  Indiana  Hill,  with  an  elevation  of  2792  feet,  and 
Dutch  Flat,  with  a  moderate  grade  of  25  feet  per  mile  toward  Indiana  Hill.  Bedrock 
has  again  been  exposed  1200  feet  farther  north  by  the  Cedar  Creek  tunnel,  and  again 
2000  feet  from  Indiana  Hill  by  a  tunnel  from  Canyon  Creek,  run  by  the  Gold  Run 
Ditch  and  Mine  Company.  From  the  former  place  the  bedrock  was  said  to  slope 
gently  toward  Indiana  Hill.  The  so-called  '49'  shaft  was  sunk  nearly  to  the  bottom 
of  the  channel  between  Gold  Run  and  Indiana  Hill,  but  exact  data  regarding  its 
elevation  were  not  available.  Another  shaft,  75  feet  deep,  was  sunk  to  the  bedrock 
of  Canyon  Creek  about  half  way  between  Gold  Run  and  Dutch  Plat.  Extensive 
hydraulic  mining  operations  were  carried  on  at  Gold  Run  for  about  ten  years,  in 
which  time  perhaps  $3,000,000  or  more  were  extracted.  Some  84,000,000  cubic  yards 
have  been  washed  off,  but  an  equal  quantity,  estimated  at  92,000,000,  remains.  An 
area  of  555  acres  has  been  washed  off  to  an  average  depth  of  75  feet.  At  Indiana 
Hill  the  bottom  gravel  was  drifted  and  crushed  in  mills.  The  yield  per  cubic  yard  of 
hydraulic  gravel  is  said  to  be  11  cents,  but  this  estimate  is  in  all  probability  too  high. 
The  drifting  ground  at  Indiana  Hill  yielded  between  1872  and  1874  at  the  rate  of  $9 
per  cubic  yard  of  gravel  in  place.  Above  Dutch  Flat  toward  Alta  is  the  gravel  hill  of 
Nary  Red,  the  narrow  channel  of  which  has  been  drifted  and  hydraulicked ;  the  gravel 
is  a  medium,  fine  red  quartz,  covered  with  rhyolitic  clays.  From  here  the  channel 
extended  in  the  hill  toward  Alta.  A  shaft  sunk  at  Alta  35  feet  below  the  railroad 
found  bedrock  at  132  feet.  A  tunnel  extends  from  Canyon  Creek  one-half  mile  south 
of  Alta  to  the  shaft  and  the  gravel  in  the  channel  is  now  being  worked.  The  gravel  is 
soft  quartzose,  not  cemented.  From  this  point  a  branch  channel  probably  crosses 
Canyon  Creek  and  extends  to  Moody  Gap,  east  of  which  the  remainder  is  probably 
eroded.  Another  branch  extends  from  Alta  eastward,  probably  emerging  at  Shady 
Run,  and  grading  sharply  westward.  It  is  mostlj^  filled  with  rhyolitic  clays,  although 
a  bank  of  gravel  also  appears  on  the  northern  rim  which  has  been  w^ashed!  Minor 
drifting  operations  have  also  been  undertaken  in  this  vicinity.  A  remainder  of  the 
same  channel  is  preserved  at  Lost  Camp  two  miles  south  southeast  of  Blue  Canyon. 
Here  are  about  120  acres  of  quartzose,  imperfectly  washed  gravel,  50  to  75  feet  deep, 
containing  some  rather  large  boulders.     Only  a  smaller  portion  has  been  hydraulicked. 

"A  branch  of  the  Dutch  Flat  channel  continued  across  the  present  Bear  River. 
Elmore  Hill  on  the  point  between  Bear  River  and  Little  Bear  Creek  has  been  almost 
"completely  washed  off.  Rising  at  a  rapid  rate,  the  continuation  of  the  channel  is 
found  at  Liberty  Hill.  The  gravel  is  here  about  60  feet  deep,  30  feet  of  reddish  quartz 
gravel  covering  the  same  amount  of  blue  gravel  full  of  very  large  boulders  of  gabbro 
and  serpentine.  The  amount  of  gravel  removed  is  estimated  at  2.000,000  cubic  yards, 
some  16,000.000  remaining.  The  channel  continues  up  to  Lowell  Hill,  but  the  gravel  is 
here  covered  by  very  heavy  masses  of  light-colored  clay.  At  Lowell  Hill  the  gravel  is 
30  feet  deep,  the  coarse  bottom  gravel  being  covered  by  finer  quartzose  gravel.  The 
heavy  clay  banks  make  hydraulic  working  difficult.  Considerable  work  has,  however, 
been  done  at  the  Klamath  Mine.  Drifting  operations  have  also  been  undertaken  south 
of  Nigger  Jack  Hill  at  the  Valentine  Mine  and  farther  south  opposite  the  Klamath  at 
the  Swamp  Ansel. 

"OpDOsite  Lowell  Hill  lies  Remington  Hill  at  a  slightly  higher  elevation.  Here 
again  is  an  old  depression  filled  with  gravel  of  which  a  few  acres  are  exposed.  The 
gravel  is  similar  to  that  of  Lowell  Hill  and  is  capped  by  heavy  masses  of  clay.  The 
amount  excavated  is  estimated  at  1,750,0-00  cubic  yards,  while  possibly  600,000  cubic 
yards  remain.  Much  of  this,  however,  is  heavily  capped  by  clay  and  volcanic  tuff. 
The  channel  has  been  struck  by  two  drift  tunnels  a  little  eastward,  making  it  possible 
that  the  channel  comes  out  again  at  Democrat,  another  little  gravel  point,  separated 
from  Remington  by  a  bedrock  spur,  where  hydraulic  work  has  also  been  done. 

"On  the  point  between  the  forks  of  Steep  Hollow,  opposite  Democrat,  is  the  small 
gravel  hill  called  Excelsior,  doubtless  representing  the  extension  of  the  Democrat 
channel.  To  the  north  and  northwest  of  Excelsior  the  bedrock  rises  rapidly.  The 
channel  may  have  continued  a  couple  of  miles  farther  northeast,  but  whether  it  enters 
under  the  lava  flow  or  follows  the  present  course  of  Steep  Hollow  is  uncertain. 

"On  the  south  fork  of  the  Yuba  several  important  gravel  bodies  are  found.  A  few 
small  points  covered  with  quartz  gravel  occur  southeast  of  Relief  on  the  south  side 
of  the  canyon.  At  Alpha  about  75  acres  of  gravel  are  preserved,  the  pebbles  consisting 
chiefly  of  quartz,  quartzite  and  a  hard  conglomerate.  Some  quartz  boulders  on  the 
be(JrQck  reach   5   feet  in  diameter,   but  most  of  the  gravel  is  light  g.n(J  sandy.     The 
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banks  arc  90  feet  higli,  including  20  feet  of  clay  at  the  top.     The  amount  removed  Is 
5,000,000  cublo  yards  ;  only  a  quarter  of  that  amount  remains. 

"At  Onu'Ka  several  hundrrd  acres  of  gravel  are  exposed  and  have  boon  extensively 
worked.  The  gravel  lies  on  a  flat  benrli  and  apparently  extends  soutlicisteily  under 
the  lava.  The  greatest  thickness  is  ITf)  feit.  The  bed  consists  of  ir)0  feet  of  gravel, 
covered  by  six  feet  of  clay,  above  whii'h  is  again  20  feet  of  gravel,  all  showing  colors. 
The  lowest  stratum  contains  some  large  boulders  of  granite  from  tin;  Canyon  Creek 
area,  but  the  main  body  is  composed  of  smaller  cob])lfS  up  to  six  inches  in  diameter, 
quartz  decidedly  predominating.  Tiie  extent  of  this  channel  southwar<l  is  not  defi- 
nitely known,  though  a  shaft  was  sunk  to  bedrock  on  the  lilue  Tent  ditch,  cutting 
good  gravel.  Its  depth  is  not  known.  Some  distance  south  of  Omega  is  a  small  gravel 
flat  called  Shellback  at  a  higher  elevation ;  beyond  tliis  the  bedrock  rises  rapidly.- 
Towards  the  southeast  the  bedrock  also  ri.ses,  though  less  rapidly,  and  gravel  is  found 
in  places  along  the  rim.  At  Diamond  Creek  a  small  body  of  quartz  gravel  is  exposed, 
having  a  maximum  thickness  of  12  feet,  and  covered  by  nearly  barren  Pleistocene 
morainal  boulder  clay. 

"Extensive  hydraulic  operations  have  removed  12,000,000  cubic  yards  at  Omega,  the 
tailings  dischjirging  in  Scotchman  Creek  through  a  3000-foot  bedrock  tunnel.  Appar- 
ently reliable  calculations  give  13J  cents  as  tlie  yield  per  cubic  yard;  the  lowest  gravel 
of  course  being  much  the  richest  part  of  the  deposit.  About  40,000,000  cubic  yards 
are  estimated  to  be  still  available  for  hydraulic  mining. 

"It  remains  to  mention  the  occurrence  of  many  uncertain  and  puzzling  features  at 
Phelp's  Hill.  Centennial,  and  San  Jo.se  shafts.  At  Phelp's  Hill,  at  an  elevation  of  about 
4060  feet,  15  to  30  fi'et  of  gravel  outcrop  below  the  lava  for  one-half  mile.  Heavy 
quartzose  boulders  are  found  on  the  bedrock.  A  remarkable  disturbance  occurs  here, 
the  gravel  being  cut  bv  a  fault  which  throws  the  west  side  down  about  40  feet.  The 
fault  is  traceable  for  at  least  400  feet,  running  north  and  south.  The  Centennial  shaft, 
one  and  one-third  miles  south  southeast  of  Phelp's  Hill,  was  sunk  in  1887  to  a  depth 
of  400  feet,  and  thf  bottom  of  a  deep  channel  was  found  by  drifting  from  it.  Later 
a  tunnel  was  run  2500  feet  south  from  the  place  indicated  south  of  Phelp's,  the  eleva- 
tion being  about  4  080  feet.  A  channel  was  struck  at  the  tunnel  level  ;  it  is  400  feet  in 
width,  and  carried  quartz  and  greenstone  gravel,  the  gold  being  fairly  coarse.  Work 
has  been  suspended,  from  which  it  maj'  be  inferred  that  on  account  of  its  width  the 
gravel  body  on  the  bedrock  is  not  very  rich.  If,  as  seems  probable,  this  channel  con- 
nects with'that  of  Phelp's,  it  can  have  but  little  grade. 

"A  mile  southwest  from  the  Centennial  shaft  the  San  Jose  shaft  is  sunk  in  the  bed 
of  south  fork  of  Deer  Creek  to  a  depth  of  340  feet,  giving  the  channel  an  elevation  of 
between  4000  and  4100  feet,  which  is  stated  to  be  somewhat  higher  than  the  Centen- 
nial channel.  Drifting  from  the  shaft  showed  the  channel  to  be  about  300  feet  wide. 
The  gravel  is  composed  of  cobbles  of  quartz  and  country  rock  about  seven  to  fifteen 
feet  thick,  covered  by  4  0  feet  of  clay,  above  which  is  lava.  There  is  little  doubt  that 
this  channel  is  continuous  with  the  Centennial,  and  it  appears  probable  that  its  grade 
is  northward,  making  it  a  branch  by  way  of  Phelp's  Hill  of  the  main  stream  from 
Relief  Hill  to  Omega.  It  has  been  thought  bv  some  that  this  channel  might  continue 
to  Remington  Hill  with  a  southerly  grade.  This  appears  unlikely,  however,  and  it  is 
scarcely  possible  that  there  should  be  a  continuous  channel  between  Phelp's  and 
Remington  hills,  for  the  channels  at  these  two  places  certainly  connect  with  different 
branches  of  the  old  Yuba  River.  There  will  probably  be  found  a  low  divide  separating 
the  San  Jose  channel  from  Remington  Hill  and  from  the  Quaker  Hill  drainage.  It  is 
also  very  unlikely  that  any  of  the  channels  under  this  lava  area  had  any  direct  con- 
nection with  Omesra. 

"On  the  Iowa  Hill  and  Forest  Hill  divides  a  small  amount  of  gravel  is  exposed  on 
the  surface,  but  the  channels  preserved  below  the  lava  are  rich  and  numerous.  At 
Iowa  Hill  a  deep  channel  extends  from  northwest  to  southwest  across  the  ridge  north 
of  Indian  Creek?  The  sharply  defined  trough  is  200  feet  deep  and  is  filled  with  coarse 
gravel,  well  cemented  in  its  lower  parts.  The  total  thickness  is  over  300  feet.  The 
channel  is  from  200  to  400  feet  wide  on  the  bottom.  This  gravel  has  been  hydrau- 
licked,  except  a  narrow  ridge  upon  which  the  town  stands.  Lighter  quartzose  bench 
gravels  extend  northeast  of  Iowa  Hill.  They  have  a  maximum  thickness  of  200  feet 
and  are  covered  by  thin  rhyolite  tuff  and  andesite.  They  have  been  extensively 
hydraulicked  and  some  ground  yet  remains. 

"At  Succor  Flat  a  deep  and  narrow  channel,  belonging  to  the  Intervolcanic  epoch, 
has  been  drifted  for  a  distance  of  2500  feet.  The  same  channel  probably  crosses 
Indian  Creek  at  Monona  Flat  and  finds  its  outlet  at  some  place  on  Roach  Hill.  South 
of  Indian  Creek  over  300  feet  of  gravels  crop;  southward  they  thin  out  with  rising  bed- 
rock but  deepen  again  near  Wisconsin  Hill,  having  at  both  places  the  same  general 
character  as  at  Iowa  Hill.  Between  Morning  Star  and  Wisconsin  Hill  there  is  doubt- 
less a  deep  and  continuous  channel,  which  is  clearly  the  extension  of  that  underlying 
low^a  Hill.  Extensive  hydraulic  work  has  been  done,  both  near  Morning  Star  and  east 
of  it  along  Indian  Creek,  as  well  as  at  T\'isconsin  Hill.  A  body  of  higher  bench  gravel, 
across  Refuge  Canyon  at  Elizabeth  Hill,  has  also  been  hydraulicked.  but  nearly  all  of 
this  work  has  ceased  during  the  last  decade.  Instead  extensive  drift  mining  has  been 
carried  on.  At  the  Morning  Star  the  deep  channel,  extending  in  an  easterly  direction, 
has  been  mined  for  a  distance  of  nearly  3000  feet :  about  seven  feet  of  cemented  gravel 
are  extracted,  the  width  of  the  pay  gravel  being  from  80  to  2  00  feet.  This  drift  mine 
has  proved  among  the  richest  in  the  gold  belt.  The  gravel  contained  for  a  long 
rteriod.  it  is  stated.  $7  ner  carload,  equal  to  $14  per  cubic  yard,  and  the  annual  croduc- 
tion  ranged  from  ?2,500  to  ?150,000. 

"The  Big  Dipper  Mine  has  been  working  the  same  channel  since  1890  from  the 
Wisconsin  Hill  side  with  excellent  results.  The  grade  of  the  main  channel  is  remark- 
ably slight.  2692  feet  being  the  elevation  of'  bedrock  at  T\^isconsin  Hill.  2685  feet  at 
the  Morning  Star,  and  2631  at  the  Northwest  side  of  the  Iowa  Hill  channel.  In  1899 
the  workings  of  this  mine  were  connected  with  those  of  the  Morning  Star,  proving 
conclusively  the  identity  of  the  channels.  A  smaller  channel  pitching  into  the  ridge 
"has  been  followed  some  distance  in  from  Grizzlv  Flat  and  orobablv  joins  the  Morning 
Star  channel.     A  small  body  of  well  worked  quartz  gravel  was  found  at  Kings  Hill, 
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fliit'lly  oiif  :iii)l  t»iu-liaU"  inik-s  suiilliwu-st  of  Wisconsin  Hill;  it  is  iiil(nesUnK  Vj(!cause 
of  its  i)()siti()ii  )>et\V('cii  ^'ankec  .lini  jmd  Wisconsin  Hill,  and  its  comparatively  low 
elevation — 2550  I'l-ct.      P'our  oi-  live  acics  have  Ix'cn  washed   liere  to  ;i  deptli  of  20  feet. 

"A))ove  Monona  l'"lat  \ciy  litlU^  gravel  is  expostid,  th(!  andesite  tnff  icsting  on  bed- 
rock of  irrt>Kular  condmiiation.  At  tlie  (liant  (lap  claim,  four  miles  west  of  ]>amascus, 
the  lava  cap  is  very  narrow;  below  it  a  MorK<;-lil<e  intervolcani<;  channel  lias  been 
exposed.  Tiiree  miles  west  of  Damascus  is  Mclntyre's  claim,  where  a  tiiousand  foot 
tunn(>l  has  exposed  tiu>  same  or  a  similar  narrow  cliannel.  One  mile  northejtst  of  this 
is  tile  Colfax  claim,  showing  some  (piartz  Mii'vcl,  probably  belonging  to  a  prcvolcanic 
cliannel,  a.  continuation  of  whicii  may  l»e  found  at  .limtown,  three-fourths  of  a  mile 
norlii  of  the  reservoir.  At  Jimtown  a  sliaft,  100  feet  deep,  has  been  sunk,  finding 
quartz  gravel  and  pitching  bediock.  No  data  are  available  to  estimate  the  yield  of 
Iowa  Hill  Divide  since  1811).      It  probalily  considerably  (exceeds  $10,000,000. 

"To  begin  now  a  rapid  sketch  of  the  Forest  lliil  divide,  it  sliould  be  stated  that 
comparatively  little  of  the  mining  work  done  falls  south  of  the  boundary  of  the  Colfax 
(luadrangle.  At  Peckham  Hill  a  little  unsuccessful  drifting  has  been  done  on  the  deep 
and  narrow  ccMiient  channel  finding  its  outlet  there.  At  Todd  Valley  a  body  of  bench 
gravel  crops,  which  was  washed  at  Pond's  claims  until  the  overlying  lava  became  too 
heavy  to  handle.  This  gravel  is  partly  cemented,  poorly  washed,  and  about  40  feet 
thick.  About  11,000,000  cubic  yards  have  been  washed  off,  the  yield  of  which  is  given 
as  $5,000,000,  but  this  is  probably  too  high. 

"At  Georgia  Hill,  opposite  Yankee  Jim,  a  thickness  of  100  feet  of  gravel  is  exposed 
below  the  lava,  and  a  few  acres  have  been  washed  off  along  the  edge.  At  Yankee  Jim 
a  larger  area  of  gravel  from  40  to  100  feet  thick  is  met  with,  which  toward  the  east 
disappears  under  tlie  lava.  The  gravel  is  fairly  coarse,  being  composed  of  metamor- 
phic  rocks  with  some  quartz.  The  bedrock  is  at  nearly  the  same  elevation  as  at 
(leorgia  Hill,  and  the  main  channel  seems  to  have  had  its  direction  nortlieasterly  and 
sttuthwesterly,  though  a  somewhat  higher  channel  (jxtended  eastward,  and  probably 
connected  with  the  Smith's  Point  ])ench  gravel  a  mile  and  a  half  distant  and  situated 
on  the  south  fork  of  Brushy  Creek.  The  gravel  at  Smith's  point  is  fifty  feet  thick, 
interstratified  with  sand.  It  is  estimated  that  S,()30,000  cubic  yards  have  ))een  removed 
from  Georgia  Hill,  Yankee  Jim  and  Smith's  Point,  and  that  the  yield  has  been  about 
$5,000,000.  The  amount  remaining  available  for  hydraulic  work  is  undoubtedly  less 
than  that  removed,  for  the  volcanic  cap  will  soon  make  hydraulic  work  impossible. 
One-quarter  of  a  mile  east  of  Georgia  Hill  the  Anthony  Clark  tunnel  has  recently  been 
run  in  a  southerly  direction  about  550  feet,  and  it  is  reported  to  have  shown  the 
existence  of  a  large  channel  with  much  granitic  detritus.  The  tunnel  is  found  to  be 
too  high,  striking  the  channel  above  bedrock. 

"It  is  believed  that  the  Yankee  Jim  channel  flow^ed  northw^ard  toward  Wisconsin 
Hill  by  way  of  Kings  Hill.  It  is  also  believed  that  it  connects  below  the  lava  with  the 
Dardanelles  channel,  though  the  latter  intervolcanic  channels  may  have  removed  much 
of  the  earlier  accumulations  and  in  some  places  destroyed  the  older  channel. 

"At  Dardanelles  and  Forest  Hill  the  canyon  slope  has  exposed  below  the  lava  a 
long,  low  trough,  filled  with  gravel  and  rhyolitic  tuff.  The  gravel  is  moderately  coarse, 
composed  of  quartz  and  metamorphic  rocks,  and  is  well  cemented  near  the  bedrock. 
Above  it  rests  rhyolitic  tuff,  intercalated  with  some  gravel,  clay  and  sand.  "The  thick- 
ness of  these  two  formations  varies  exceedingly.  At  the  New  Jersey  claim  the  gravel 
is  only  eight  feet  thick,  and  is  overlain  by  rhyolitic  tuff.  At  the  Dardanelles  it  has 
a  maximum  thickness  of  70  feet.  In  the  region  above  Mayflower  are  extensive  bodies 
of  rhyolitic  tuff  with  intercalated  gravels,  as  well  as  clays  and  sands,  of  more  doubtful 
origin.  The  depth  of  these  accumulations  at  Mayflower  over  the  deep  channel  is  350 
feet.  In  the  intercalated  gravels  granitic  and  rhyolitic  cobbles  are  common.  At 
Adams  tunnel  178  feet  of  rhyolitic  clay  are  exposed  with  two  smaller  gravel  bodies. 
Again  at  Black  Hawk,  Wasson,  and  Westchester  claims  similar  bodies  are  exposed. 
At  Bath,  again,  the  same  channel  is  exposed  with  about  2  50  feet  of  overlying  gravel 
and  white  tuff.  The  lower  part  is  a  trough  500  feet  wide  and  100  feet  deep,  filled  in 
the  bottom  with  washed  and  rounded  bedrock  boulders,  composed  chiefly  of  serpentine 
and  greenstone.  Above  this  comes  a  thick  stratum  of  the  usual  coarse  quartz  gravel, 
and  above  this  a  thick  series  of  rhyolitic  tuff  with  intercalated  gravel,  having  a  maxi- 
mum thickness  of  30  feet,  and  containing  granite  and  rhyolitic  boulders.  The  thickness 
of  this  series  varies  from  100  to  250  feet,  and  it  is  again  covered  by  270  to  300  feet  of 
andesitic  tuff  breccia. 

"The  main  prevolcanic  channel  enters  the  ridge  at  Bath  and  runs  northerly  for  a 
mile  with  very  slight  grade,  then  cvirves  west  and  south,  assumes  a  grade  of  60  feet 
per  mile,  and  passes  below  Mayflow^er  and  Forest  Hill  to  the  Dardanelles,  w^here  it 
turns  northwest  again  towards  Yankee  Jim  without  leaving  the  ridge. 

"The  mining  operations  in  this  vicinity  have  been  very  extensive.  The  hydraulic 
operations  have  mainly  ceased,  though  a  considerable  amount  of  ground  is  still  avail- 
able at  the  Dardanelles  and  around  the  head  of  Brushy  Canyon.  At  the  former  place 
and  at  Forest  Hill  4.850.000  cubic  yards  have  been  excavated;  at  the  head  of  Brushy 
Canyon  probably  7.350,000  cubic  yards.     Only  drift  mining  is  now  carried  on. 

"The  main  old  channel  has  been  drifted  at  Dardanelles  for  2  500  feet  in  a  northwest 
direction  ;  the  gravel  which  is  cemented  was  here  five  feet  deep  and  75  feet  wide. 
Mining  is  still  in  progress  here.  The  mine  is  believed  to  have  produced  $2,000,000  or 
more  by  drifting  and  hydraulicking. 

"Below  Forest  Hill  a  number  of  smaller  depressions,  called  front  channels,  were 
w'orked  many  years  ago  from  Jenny  Lind  and  New  Jersey  tunnels,  but  no  extensive 
recent  work  has  been  done  there.  The  main  channel  has  been  reached  by  the  Balti- 
more tunnel  and  Excelsior  slooe.  but  some  drifting-  ground  still  remains  between  these 
points  and  the  Mavflower.  The  ground  in  this  vicinity  is  supposed  to  have  produced 
$5,000,000.  about  $1,500,000  being  taken  from  a  strip  of  ground  in  the  New  Jersey 
claim.  800  feet  long  and  300  feet  wide. 

"From  the  Mayflower  tunnel,  4740  feet  long,  the  main  channel  has  been  worked, 
chieflv  from  1888  to  1804.  for  a  distance  of  three  miles,  connecting  it  with  the  Paragon 
workings.  A  bod  of  gi-avel  from  two  to  fourteen  feet  thick,  having  an  average  width 
of  75  feet,  was  removed  from  the  bedrock.     The  yield  has  been  approximately  $1,500,000, 
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or  |7  iHT  (on  (if  loose  ^ravil  <l«'livtM-»Hl.  Sixty-six  p<  r  (hiiI  of  tin;  Itottoiii  ki'^ivoI  wa.s 
fouiul  to  pay  fi»r  «'xtraitinv:.  littwotn  the  Paragon  and  tlie  Mayllown-  In  the  bend  iH 
a  narrow  gorye,  lOuu  feet  loiii;,  wliero  the  channel  is  only  2T,  feet  wide  an«l  poor  In 
Kold.  An  upper  lea<l  or  streak  of  gravel  enclosed  in  the  rliyoliiic  tnfr,  150  feet  above 
the  bedrock  and  paying  for  drifting,  is  said  to  exist  along  tlie  Mayllower  channel,  as 
well  as  at  the  I'aragon  at  Hatli,  but  it  has  not  yet  been  worked  to  any  extent.  Jjlttle 
work  is  being  done  at  present  on  the  main  channel  at  the  Mayflower.  The  sanie 
cliannel  has  b«'en  worked  from  the  Paragon  mine  tt)  a  distance  of  6H00  fe»,'t  north. 
The  widtli  of  gravel  breasted  is  .".()  f«'et.  tleptli  2  to  7  feet,  yield  per  ton  delivered  at 
surface  $10.  total  yield  by  hydraulicking.  ^TiOO.OOO.  by  drifting.  $850,000.  At  the 
I*aragon  there  exists  an  upper  streak  of  pay  gravel  150  feet  above  the  bedrock.  This 
w;us  followed  f«»r  2000  feet  imlil  cut  off  by  a  channel  of  intervolcanic  erosion  filled 
with  andesitic  tuff.  The  width  of  this  upper  lead  was  225  feet,  the  depth  of  non- 
cemented  pav  gravel  5  feet,  and  the  yield  per  ton  of  loose  gravel  $4.50.  The  total 
yield  was  $900,000.  Tlie  mine  has  been  operated  for  3G  years,  and  the  channels  are 
said  to  be  nearly  worked  out. 

"A  portion  of  what  is  doubtless  the  same  channel  has  been  preserved  at  Michigan 
Bluff.  Tiie  deposit  which  covers  about  40  acres  is  composed  of  pure  quartz  gravel  ; 
on  the  bedrock  lie  huge  rounded  quartz  boulders.  Some  6,000,000  cubic  yards  have 
been  removed  and  a  smaller  quantity  remains.  The  yield  is  reported  to  have  been 
$5,000,000.  some  of  the  ground  being  exceedingly  rich.  The  deposit  bears  the  character 
of  bench  gravel.  At  Sage  Hill  and  Birds  Valley  a  long,  narrow  channel,  with  strong 
southwest  grade,  is  pre.served.  The  outlet  of  it  at  Sage  Hill  is  somewhat  lower  than 
Michigan  Bluff.  It  has  been  worked  to  some  extent,  but  is  not  so  rich  as  that  at 
Michigan  Bluff.  :Muc1i  coarse,  rough  and  crystallized  gold  was  found  here,  as  well  as 
in  Mad  and  Lady  canyons. 

"At  Kdwards  Hill  a  small  patch  of  partly  volcanic  gravel  has  been  worked.  From 
here  north  a.  number  of  small  gravel  points  appear,  most  of  which  belong  to  inter- 
volcanic channels.  At  Gas  Hill,  however,  there  is  a  patch  of  the  same  quartz  gravel 
as  is  exposed  at  Michigan  Bluff.  Immediately  to  the  north  it  is  eroded  by  deeper 
volcanic  channels,  but  between  Hidden  Treasure  and  Damascus  a  nearly  continuous 
old  prevolcanic  channel,  having  a  grade  of  70  feet  per  mile  southward,  has  been  found 
under  the  lava  cap.  Tiiis  is  a  wide,  flat  channel,  filled  with  about  200  feet  of  non- 
cemented  quartz  gravel,  sand  and  clay.  The  material  is  decidedly  finer  than  that  (»f 
the  Bath-Mayflower  channel,  although  some  quartz  boulders  may  be  found  on  the  bed- 
rock. It  is  cut  off  by  two  deeper  intervolcanic  channels,  one  a  mile  south  of  Damascus ; 
another  one  and  a  half  miles  north  of  Sunny  South.  Between  these  a  fragment  of  the 
old  white  channel  remains.  This  channel  was  first  found  at  Damascus  and  drifted  on 
until  cut  off  by  the  intervolcanic  channel  mentioned.  The  yield  of  this  part  is  reported 
to  be  $6,000,000.  Fi-om  Sunny  South  the  Hidden  Treasure  mine  has  worked  the 
deposit  7700  feet  northward,  width  of  gravel  breasted  250  feet,  depth  4  to  7  feet, 
yield  of  loose  gravel  delivered  $1.75  per  ton.  The  total  yield  to  1890  was  $1,150,000. 
and  up  to  1S9S  probably  nearly  $2,000,000.  Since  that  time  the  operations  at  Sunny 
South  have  been  discontinued,  and  another  tunnel  has  been  started  at  the  Dam  claim, 
one  mile  farther  north,  from  which  the  fragment  of  channel  remaining  between  the 
volcanic  channels  is  not  being  mined.  The  mine  has  been  worked  for  23  years. 
*  *  *  *  *  *  « 

"The  general  Neocene  drainage  of  this  quadrangle  has  been  roughly  considered 
under  the  heading  of  auriferous  gravels,  but  it  remains  to  indicate  in  a  more  detailed 
way  the  connection  of  the  channels  of  the  southern  part  of  the  area  with  those  of  the 
region  between  Dutch  Flat  and  North  Columbia. 

"Tliere  is  not  the  slightest  doubt  that  a  river,  corresponding  roughly  to  the  present 
middle  fork  of  the  American,  had  its  source  near  Castle  Peak,  thence  flowed  across 
to  Soda  Springs,  and  approximately  followed  the  present  middle  fork,  entering  this 
quadrangle  under  the  ridge  between  Long  Canyon  and  the  middle  fork,  and  in  the 
southern  portion  of  this  ridge  curving  into  the  Placerville  quadrangle.  It  entered  the 
Colfax  quadrangle  again  a  few  miles  west  of  this,  and  the  channel  emerged  from  under 
the  volcanic  capping  at  Ralstons.  A  tributary  from  the  Duncan  Peak  region  joined  it 
with  a  general  southerly  direction.  From  Ralstons  much  of  it  eroded,  but  it  may  be 
regarded  as  certain  that  the  main  channel  continued  westward,  touching  Michigan 
Bluff  and  Sage  Hill,  here  receiving  an  important  tributary,  running  nearly  due  south 
from  Damascus.  The  deposits  of  this  latter  channel  are  preserved  below  the  lava 
ridge,  between  Damascus  and  Gas  Hill.  Near  the  latter  point  it  receives  a  tributary 
from  Last  Chance  and  Deadwood. 

"Again  east  of  Michigan  Bluff  the  channel  is  eroded,  hut  it  is  certain  that  its 
continuation  is  found  at  Bath,  wlience  the  main  channel  ran  through  the  Mayflower. 
Here  it  made  a  wide  curve  and  ran  southward  to  Forest  Hill  and  the  Dardanelles. 
Thus  far  the  general  course  is  outlined  without  uncertainty,  but  from  here  on  the  diffi- 
culty begins.  This  main  channel  is  marked  by  its  heavy  deposits  of  gravel  and  clay, 
and  its  broad  well-defined  channel.  L'nder  the  southwestern  prolongation  of  the  Forest 
Hill  lava  ridge  nothing  has  thus  far  been  found  which  would  indicate  that  the  main 
old  river  channel  fiowed  down  in  this  direction.  It  is  true  that  a  narrow  channel  of 
the  intervolcanic  epoch  continues  down  in  this  direction,  but  these  channels  were 
notably  inderendent  of  the  older  and  main  drainage  basins.  The  intervolcanic  channels 
were  excavated  after  a  large  part  of  the  old  river  basin  had  been  filled  bv  accumula- 
tions of  silt  and  volcanic  mud.  and  nrobabU-  aLso  after  the  tilting  of  the  Sierra  Nevadas 
had  taken  place.  Their  direction,  then,  offers  no  criterion  of  the  prevolcanic  drainage 
lines.  It  would  certainly  seem  as  if  some  fragments  of  the  accumulations  of  the  old 
channels  would  have  been  preserved  southwest  of  the  Dardanelles  had  the  channel 
taken  this  course.  The  gravels  exposed  at  Todd  Valley  offer  no  solution  of  the  prob- 
lem, for  they  are  at  a  higher  level  and  evidentlv  represent  a  bench  filled  with  gravel 
after  the  clogging  of  the  main  channel. 

"There  is.  however,  a  solution  of  this  problem,  which  is  advanced  as  havine:  manv 
niausible  points,  though  it  can  not  be  said  to  be  free  from  all  obiections.  This  is  that 
the  old  channel  of  the  Forest  Hill   divide  emerges  at  Yankee  Jim  and  Georgia  Hill, 
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and  that  its  ct)Ui'so  from  tliore  is  northward  to  Wisc^onsin  Hill,  tiionco  through  the  lava 
ridge  and  curving:  eastward  to  tho  Morning  Star  mine,  thence  to  Iowa  Hill,  crossing 
the  canyon  of  tlie  present  river  to  Indiana  Hill  and  from  there  northward  to  Dutch 
Flat,  whence  its  course  has  already  heen  eslahlislietl.  This  hypotiiesis,  in  the  first 
place.  neci>sHilates  tlie  existence  of  a  deep  and  continuous  channel  between  Dutch  l^lat 
a<id  Indiana  Mill.  Tliat  such  a  deep  channel  exists  ajipcars  now  very  probable  and 
may  be  regarded  as  certain  if  tlie  development  south  of  Dutch  Flat  and  S<piires 
t^anyon  will  show  the  existence  of  a  deep  trough  at  this  place,  wliich  it  has  been 
asserted  was  found  by  the  exploration.  One  of  tlu?  jtrincipal  difficulties  ajipears  to  be 
tile  fact  tliat  the  a:ravel  at  Georgia  Ilill  and  Yankee  Jim  diff(!rs  somewhat  in  character 
from  that  of  the  Mayflower  and  Forest  Hill.  Tliis  may  be  explained  by  the  fact  that 
the  river  at  tliis  point  sjireads  over  a  larger  and  flatter  bottom,  which  would  naturally 
influence  tlie  character  of  its  deposit. 

"The  ditticulty,  which  at  first  glance  appears  to  be  an  insuperable  one,  that  is,  that 
of  the  grades,  on  closer  examination,  converts  itself  into  an  argument  in  favor  of  this 
hypothesis,  l^^roin  the  Dardanelles  to  the  Yankee  Jim  is  a  sliglit  grade  which  is  suffi- 
cient for  the  requirements.  From  Yankee  Jim  to  Wisconsin  Hill  the  channel  would  at 
present  have  a  slight  upward  grade.  From  Wisconsin  Hill  to  Iowa  Hill  it  is  appar- 
ently approximately  level.  From  Iowa  Hill  to  Indiana  Hill  it  has  a  slight  southward 
grade  and  similarly  from  Dutcli  Flat  to  Indiana  Hill  is  a  grade  wliich,  though  slight, 
is  opposite  to  that  which  the  river,  according  to  this  hypothesis,  would  have  had. 

"From  Yankee  Jim  to  Dutch  Flat  the  Neocene  river  would  have  pursued  a  nearly 
due  northerly  course  ;  now  it  is  likely  that  this  river  from  Yankee  Jim  to  Dutch  Flat 
had  originally  a  very  slight  grade  nortliward,  similar  to  that  of  the  Neocene  river 
between  You  Bet  and  North  Columbia.  Examinations  of  channels  in  various  parts  of 
the  iSierra  Nevadas  have  shown  the  occurrence  of  a  tilting  movement  which  has 
affected  the  grades  of  the  channels  according  to  their  direction.  Channels  running 
north  northwest  to  south  southeast  would  retain  their  original  slight  grade.  Those 
running  west  of  this  line  w^ould  have  tlieir  grades  materially  increased  by  the  tilting. 
On  the  other  hand,  those  flowing  in  a  more  or  less  easterly  direction  from  this  axis  of 
tilting  w^ould  have  their  grade  decreased  or  even  reversed.  A  c^ose  examination  of 
the  elevations  of  Indiana  Hill,  Dutch  Flat,  Iowa  Hill,  Wisconsin  Hill,  and  Yankee  Jim 
will  show  that,  in  fact,  the  present  level  character  or  slight  southward  grade  of  these 
channels  is  exactly  what  would  follow  if  the  Neocene  river  with  a  northerly  course 
had  participated  in  a  westward  tilting  of  the  block  of  the  Sierra  Nevadas,  amounting 
to  about  60  or  70  feet  per  mile. 

"If  this  hypothesis  be  true,  it  solves  in  an  exceedingly  satisfactory  way,  a  number 
of  the  perplexing  problems  which  were  presented  by  the  enormous  accumulation  of 
gravels  in  the  drainage  of  the  old  Yuba  River.  It  increases  vastly  the  watershed  of 
the  Neocene  stream,  which  as  now  outlined  extends  from  the  headwaters  of  the  north 
fork  of  the  Y'uba.  The  waters  of  all  this  territory  found  an  outlet  through  the  narrow 
channel  from  North  San  Juan  to  Smartsville.  In  the  central  part  of  this  drainaere  area 
longitudinal  depressions  existed,  bordered  on  the  west  by  the  higli  diabase  ridges  of 
the  foothills.  All  these  conditions  naturally  tended  greatly  to  increase  the  accumula- 
tion of  gravel.  What  has  formerly  been  supposed  to  be  the  north  fork  of  the  Neocene 
American  River  now  becomes  the  south  fork  of  the  great  Neocene  Yuba  River.  The 
Neocene  American  River  is  reduced  in  size,  and  consists  only  of  the  stream  coming 
down  from  Pyramid  Peak  by  way  of  Placerville. 

"During  a  rather  long  interval  between  rhyolitic  and  andesitic  flows  new  channel 
courses  were  established.  A  disturbance  had  taken  place  that  increased  the  slope  of 
the  Sierra  Nevadas  and  the  streams  began  active  cutting;  thus  on  the  Forest  Hill  divide 
there  exists  a  complicated  system  of  narrow,  deep  channels,  which  in  many  places  have 
destroyed  the  old  ones.  These  intervolcanic  channels,  often  called  cement  channels, 
belong  to  at  least  two  systems,  the  younger  being  characterized  by  a  large  amount  of 
coarse  volcanic  gravel,  rarely  containing  much  gold,  and  having  been  formed  after 
the  first  andesitic  flows  had  already  invaded  this  region.  The  older  system  carries 
thin,  mixed  metamorphic  and  volcanic  gravel,  rarely  more  than  ten  feet  thick,  there 
being  no  gravel  at  all  along  certain  parts  of  the  streams.  This  gravel  lies  on  the 
naked  bedrock,  and  is  covered  by  a  series  of  flows  of  andesitic  tuff,  the  lowest  usually 
fine-grained,  and  referred  to  as  chocolate  or  cement;  the  upper  flow  consists  of  the 
usual  tuffaceous  breccia.  Strata  of  gravel  and  sand  of  mixed  character,  volcanic  and 
metamorphic,  are  often  found  interbedded  with  the  andestitic  tuff.  Wherever  the 
intervolcanic  channels  have  robbed  the  old  channels,  they  are  likely  to  be  rich,  though 
irregular  as  to  their  pay.  Some  of  them,  however,  have  been  found  unexpectedly 
poor.  The  gold  is  usually  coarse.  The  upner  gravels  in  the  andestitic  tuff  sometimes 
carry  gold,  though  seldom  enough  to  pay  for  drifting.  Some  of  the  volcanic  channels 
have  not  only  cut  throvigh  the  old  channels  but  have  eroded  small  canyons  in  the  bed- 
rock up  to  a  depth  of  150  feet.  One  of  the  most  conspicuous  of  these  crosses  Volcano 
Canyon,  and  is  exposed  by  the  Hazard  shaft.  The  grade  of  these  channels  is  always 
steep,  visually  from  70  feet  per  mile  upward. 

"A  whole  channel  system,  belonging  to  this  period,  is  buried  below  the  lava  of 
Forest  Hill  divide.  The  principal  channel  can  be  traced  almost  continuously  from  the 
Weske  tunnel,  above  Michigan  Bluff,  down  to  the  outlet  of  Peckham  Hill.  It  cuts 
the  old  channel  several  times,  and  receives  numerous  tributaries,  preserving  through- 
out the  same  character  of  a  deep  erosion  channel,  sometimes  barely  reaching  the  bed- 
rock, sometimes  cutting  deeply  into  it. 

"At  Peckham  Hill  and  Blue  Gravel  shaft,  in  the  Placerville  quadrangle,  it  has  been 
opened  but  apparently  does  not  pay.  For  21  miles  north  of  Peckham  Hill  it  has  not  been 
bottomed,  but  at  Gray  Eagle  tunnel  it  has  been  opened  by  a  tunnel  from  Owl  Creek, 
2500  feet  Long,  and  a  shaft  360  feet  deep.  Though  somewhat  too  high,  the  tunnel  has 
followed  the  channel  up  stream  for  several  thousand  feet.  The  pay  is  snotted.  the 
gravel  thin,  though  often  rich.  In  the  Mayflower  mine,  the  channel  is  again  exposed ; 
it  is  here  called  the  Orono.  and  has  cut  down  to  about  the  level  of  the  bedrock  in  the 
Mayflower  channel.  From  here  it  has  recentlv  been  worked  for  a  distance  of.  2000  feet 
through  the  Mayflower  tunnel.  Again,  a  little  below  the  mouth  of  the  Mayflower 
tunnel,  in  Brushy  Canyon,  a  channel  crosses  the  canyon  at  a  lower  elevation  than  tho 
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Maylluwer.  called  the   Live  Oak.     It  has  been  drifted   upon   ;  ' 

Soutliward  It  probably  joins  the  Oroiio  channel.     Bdow  lh<-  %■ 

the  forks  of  Bru.shv  Canvon,  are  several  intervolcanic  channel.;.  su<:h  as  th-j  .V'l.iiii.s. 
Nil  Dosp*>randuni,  W«.-.stch«'Ster,  Black  Hawk,  and  \Va.s.scn.  the  r«lation.s  of  which  are 
little   known. 

"Farther  east  the  main  diannel  i.s  again  found  in  the  Paragon  mine,  where  It  haa 
not  quite  cut  down  to  the  bottom  of  the  old  channel.  Again  it  Ls  expcsed  where  it 
crosses  Volcano  Canvon,  in  which  the  Hazard  siuift  has  been  sunk  180  feet;  the 
narrow  channel  was  followed  west  for  3000  feet  and  some  rich  fxrrwf]  wr\«^  found. 
Above  there  are  about  two  miles  in  which  the  channel  has  not  l  i 

a   deep   tunnel   from   near   Micliigan   Bluff  Ims  been   proposed,   b' 

been  drifted  for  over  r>000  feet  in  a  westerly  direction  from  the  \V«^k«'  luhih  i.  jh 
suite  of  difficult  working  conditions,  this  enterprise  yielded  excellent  returns,  pro- 
ducing approximattlv   $7.^0,000. 

"A  smaller  intervolcanic  channel,  filled  with  heavy  volcanic  gravel,  cros.ses  the 
Woske  channel  near  its  inlet  and  thence  continues  .some  distance  north.  It  has  not 
been  worked  to  any  extent.  About  a  mile  north  of  the  Weske  channel  a  small  old 
stream  bed  has  been  worked  to  some  extent  from  the  Bowen  and  Oro  tunnels.  The 
latter  is  about  2500  feet  long. 

"Above  Weske  tunnel,  confronting  El  Dorado  canyon,  there  are  a  number  of  smaller 
gravel  hills,  most  of  which  have  been  hydraulicked.  Among  these  are  Druramonds 
Point.  El  Dorado  Hill,  and  Batchelor  Hill.  The  gravel  at  all  of  these  places  appears 
to  belong  to  the  intervolcanic  epoch,  and  the  deposits  evidently  form  part  of  a  some- 
what complicated  channel  system  near  the  point  where  the  channels  from  Deadwood 
join  those  coming  down  the  main  ridge.  It  Ls  probable  that  the  channel  on  which  the 
Oro  tunnel  is  driven  finds  its  way  down  below  the  level  ridge  on  the  western  side  of 
the  Hidden  Treasure  tunnel,  but  it  has  not  been  exposed  north  of  the  tunnel  mentioned. 

"A  narrow,  intervolcanic  channel,  with  heavy  volcanic  gravel  and  apparently 
barren,  runs  north  for  some  distance  from  Sunny  South,  parallel  but  a  little  east  of 
the  Hidden  Treasure  channel.  At  Sunny  South  it  has  cut  across  the  latter,  obliterat- 
ing it  and  eroding  some  distance  into  the  bedrock  below  the  level  of  the  Hidden 
Treasure.  This  is  the  reason  why  no  quartz  gravel  can  be  seen  cropping  out  at  Sunny- 
South.  About  a  mile  south  of  Damascus  the  Mountain  Gate  channel  was  cut  off  by  a 
deeper,  intervolcanic  water  course,  eroded  to  a  depth  of  about  150  feet  below  the  older 
channel.  Tliis  so-called  Blue  channel  was  drifted  from  the  Mountain  Gate  tunnel, 
producing  $175,000.  A  little  over  two  miles  north  of  Sunny  South  the  same  old  chan- 
nel is  cut  to  about  the  same  depth  by  another  intervolcanic  channel,  finding  its  way 
southeasterly  to  the  Dam  claim,  and  thence  for  a  mile  farther  in  the  same  direction 
to  the  Mitchell  claim.  The  Dam  channel,  though  narrow  and  irregular,  has  been 
drifted  for  2  500  feet  northwest  of  the  point  where  it  crosses  El  Dorado  Canyon.  The 
Mitchell  claim  on  the  same  channel  has  also  been  worked  for  a  distance  of  2000  feet. 
Still  another  intervolcanic  channel,  called  Bob  Lewis  channel,  has  been  worked  for 
1000  feet,  south  of  its  inlet  on  the  east  side  of  the  Mountain  View  channel  at  Damascus. 
The  principal  intervolcanic  channel,  which  probably  continues  from  the  Oro  to  the 
Blue  channel  of  the  Mountain  Gate  tunnel,  has  again  been  expo.=ed  at  Red  Point,  and 
worked  for  a  distance  of  12.000  feet  up  stream  from  the  Red  Point  tunnel,  which 
strikes  the  channel  2000  feet  from  its  mouth.  The  Red  Point  channel  is  somewhat 
irregular  in  width  and  depth  of  gravel  and  in  pay.  The  average  fall  of  the  channel 
is  75  feet  per  mile.  The  width  of  gravel  breasted  is  120  feet,  the  depth  from  2  to 
12  feet  but  generally  small.  As  delivered  at  the  surface,  the  gravel  contains  S2.50 
per  ton.  Volcanic  pebbles  are  of  common  occurrence  in  the  wash  material.  The  Red 
Point  mine  has  been  worked  for  ten  years,  and  during  that  time  has  been  a  steady 
producer.  It  is  immediately  capped  by  the  hard,  andesitic  tuff.  Large  wash  boulders, 
often  two  or  three  feet  in  diameter,  occur  in  the  gravel.  The  total  production  during 
the  five  years  from  ISSS  to  1S92  was  $308,000,  and  it  is  believed  that  since  that  time 
an  almost  equal  quantity  has  been  extracted. 

"As  we  approach  the  higher  region  of  the  Sierra,  where  accumulations  of  pre- 
volcanic  gravel  were  small  or  did  not  exist  at  all.  the  difficulty  of  distinguishing 
between  prevolcanic  and  intervolcanic  channels  becomes  greater.  Strictly  speaking, 
all  of  the  channels  must  be  considered  as  belonging  to  the  later  groujp.  as  some 
erosion  necessarily  took  place  in  all  of  them  in  which  bedrock  was  exposed.  Going 
UP  toward  Duncan  Peak  we  find  in  general  that  the  grades  of  the  channels  increa.«s€ 
and  that  they  assume  more  and  more  the  character  of  narrow  tributaries  or  gulche.s. 

"It  is  believed  that  the  Red  Point  channel  continues  up  the  ridge.  It  has  indeed 
been  exposed  at  the  Hogsback  tunnel  oh  miles  northeast  from  Red  Point.  The  tunnel 
runs  south-southwest  2500  feet,  exposing  a  very  deep  and  narrow  gorge  with  steep 
westerly  grade :  and  contains  very  little  gravel.  Though  yielding  some  gold,  the 
channel  was  not  found  to  pay.  About  a  mile  south  of  the  Hogsback  channel  another 
deeo  ravine  has  been  exposed  at  the  Greek  mine  and  the  Black  Canyon,  between 
which  points  it  is  probabH-  continuous.  The  Black  Canyon  has  been  worked  for  700 
feet  eastward.  The  channel  is  narrow  and  very  steep,  having  a  grade  of  7  feet  per 
100,  with  several  abrupt  falls.  On  the  bedrock  rests  a  few  feet  of  coarse  gravel, 
containing  very  coarse  gold.  Above  this  lies  50  feet  of  andesitic  tuff,  gravel,  and  sand 
interstratified.  Xo  volcanic  pebbles  were  seen  in  the  gravel  and  the  channel  probably 
belongs  to  the  prevolcanic  period.  The  cost  of  working  this  channel  is  necessarily 
very  high.  The  inlet  of  the  Hogsback  channel  is  probably  found  at  the  low  place  half 
a  mile  north  of  Secret  Canyon  House. 

"Near  Canada  Hill  another  steep,  narrow  channel  has  been  exposed  which  aooears 
to  have  a  very  sharp  northeasterly  grade  and  the  direction  indicated  on  the  "man. 
This  channel  probably  crosses  Sailor  Canyon,  entering  the  Truckee  quadrangle,  and 
then  joins  the  main  channel,  following  approximately  the  Middle  Fork  of  the  Ameri- 
can somewhere  near  French  Meadows.  The  western  end  of  the  Canada  Hill  channel 
is  not  covered  bv  volcanic  rocks  but  by  heavy  morainal  detritus.  A  short  distance 
eastward  the  volcanic  rocks  begin  and  cover  it  to  a  depth  of  about  lOn  feet  at  the 
Reed  mine,  a  half  mile  east  of  its  beginning.  A  few  feet  of  poorly  washed  gravel  are 
found  in  the  bottom  of  the  channel,  above  which  are  a  few  feet  of  clay  containing 
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carbonized  wood.  Above  this  lies  a  little  massive  rhyolite  covered  by  heavy  masses 
of  andcsitic  breccia.  This  channel  has  been  .succcs.sfully  drifted  and  in  places  hydrau- 
liclvod  as  far  as  tlic  i)laco  wIuto  it  cntor.s  tlic  liiRli  volcanic  ricJ^c.  It  is  Ijoiieved  to 
continue  Willi  steep  ^rade  inidern(!atli  this  ridge,  and  its  outi(;t  lias  probably  been 
found  at  tlio  Sailor  Canyon  mine  two  miles  northeast  of  Canada  Hill.  At  tliis  place 
beilrock  tunnels  liave  shown  tlie  e.xistencci  of  a  narrow  channel  containing  angular, 
l)oorIy  waslied  gravel  covered  wltli  a  dark  (day.  Tlie  relations  at  this  place  are  some- 
wliat  ol)Scured  by  considerable  masses  of  morainal  material. 

"Deadwood  Ridge  is  cros.sed  l)y  cliannels  belonging  to  both  the  earlier  and  later 
periods,  wliich  liave  been  extensively  worked.  The;  older  cliannol  is  believed  to  enter 
the  lidge  somewliat  soutli  of  the  Devils  liasln,  and  linds  its  outlet  half  a  mile  north 
of  Deadwood.  It  is  cliaractcrized  by  thicker  gravel  bodies  containing  large  boulders 
of  quartz  and  metamorphic  rocks.  This  channel  has  been  worked  from  the  Rattle- 
snake mine  on  tlie  eastern  side  of  tlie  ridge,  and  from  Reed's  and  Hornbush's  tunnels 
on  the  western  side.  The  principal  intervolcanic  channel  has  its  inlet  at  the  Devils 
Basin,  and  lias  been  worked  from  there  for  a  distance  of  half  a  mile,  yielding  very 
ricli  returns.  Tlie  tliickness  of  tlie  gravel  is  said  to  average  two  and  a  half  feet.  The 
outlet  of  this  channel  is  probably  3000  feet  north  of  Deadwood,  and  somewhat  lower 
than  the  adjoining  outlet  of  tlie  older  channel.  From  this  side  it  has  been  worked 
3000  feet  eastward  without,  however,  connecting  with  the  basin  tunnel.  A  second 
intervolcanic  channel  enters  the  ridge  south  of  Deadwood  and  runs  in  a  northerly 
direction.     It  has  been  followed  down  stream  for  3000  feet. 

"At  Last  Chance  several  channels  are  known  to  occur  and  have  been  drifted  for  a 
considerable  distance,  altliough  some  ground  is  yet  unopened.  As  at  Deadwood  there 
is  a  prevolcanic  channel  and  several  intervolcanic  channels.  Both  classes  follow 
approximately  the  same  course,  thougli  the  intervolcanic  channels  are  about  20  feet 
lower  than  the  others.  The  gravel  and  its  covering  material  are  similar  in  character 
to  that  of  Deadwood.  The  upper  continuation  of  the  Last  Chance  channel  may  prob- 
ably be  found  at  American  Hill  on  the  ridge  between  Lost  Canyon  and  Antone  Canyon. 

"Below  the  volcanic  areas,  south  of  Duncan  Peak,  narrow  and  deep  channels  have 
been  found  which,  however,  have  not  thus  far  yielded  much.  One  of  these  extends  from 
Flat  Ravine  southward  for  IJ  miles.  It  has  been  opened  by  tunnels  at  both  ends  and 
worked  to  some  extent.  Another  channel  is  exposed  by  the  Abrams  tunnel  on  the 
west  side  of  Duncan  Canyon.  This  branch  probably  joins  that  from  Flat  Ravine  and, 
crossing  under  the  lava  ridge  between  Duncan  Canyon  and  the  middle  fork  of  the 
American,  becomes  a  tributary  of  the  main  Long  Canyon  channel.  Depressions  indi- 
cating channels  also  exist  below  the  andesite  areas  of  Big  Oak  Flat." 

In  the  above  described  area  there  is  still  a  great  deal  of  virgin  ground 
on  which  some  drift  mines  may  possibly  be  developed.  The  course  of 
the  old  Breece  and  Wheeler  channel,  where  it  goes  through  the  lava 
caps  of  Nevada  Point,  of  Devils  Peak  and  of  the  Ralston  Divide,  offers 
an  opportunity  for  some  profitable  drift  mines.  The  Glenn  Mine,  on 
tlie  channel  coming  down  from  Flat  Ra^dne,  has  produced  considerable 
money  in  the  course  of  the  last  two  years,  and  it  is  quite  possible  that 
some  of  the  other  tributary  channels  may  be  well  worth  developing. 
In  commencing  drift  operations  the  primary  distinction  to  be  made  is 
that  between  the  prevolcanic  or  Cretaceous  channels  and  the  inter- 
volcanic or  Tertiary  channels,  which  latter  are  of  little  importance  from 
an  economic  standpoint,  except  where  they  may  have  robbed  gold  from 
the  older  channels. 

There  remains  to  be  spoken  of,  in  connection  with  this  channel 
system,  a  tributary  on  the  north  side  of  the  main  ancient  river  which 
comes  in  near  Badger  Hill  and  can  be  traced  up  the  ridge  betAveen 
Oregon  Creek  and  the  Middle  Fork  of  the  present  Yuba.  This  channel 
has  been  worked  at  Grizzly  Gulch,  at  Tippecanoe  and  at  Nigger  Tent, 
and  possibly  contains  some  ground  yet  w^hich  would  pay  to  drift. 

In  addition  to  this,  we  have  the  Nevada  City  and  the  Grass  Valley 
channel  systems  which  are  more  or  less  worked  out,  but  which  have 
produced  a  great  deal  of  gold. 

Coming  back  to  the  Nevada  City  and  Grass  Valley  region,  we  have 
a  large  tributary  entering  the  main  channel  at  or  near  Mooney  Flat 
above  Smartsville.  This  channel  has  been  eroded  along  Negro  Creek, 
but  appears  as  hydraulic  diggings  on  the  south  side  of  the  ridge  between 
Negro  Creek  and  Deer  Creek.  From  here  on  it  can  be  traced  through 
Randolph  Flat,  where  it  is  joined  by  a  tributary  from  the  southeast, 
known  as  the  Old  Alta  Hill  channel.     This  channel  can  be  traced 
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directly  under  the  town  of  CJrass  Valley  iiiid  soiilliraslcrly  by  way  of 
Oshorne  Hill.  AnotluM-  clianiiel,  C()niiii<j:  down  l*i-oiii  Kres  aeross  the 
bond  of  Little  Creenliorn  C-reek,  joins  this  channel  at  or  near  Grass 
\'alley.  Still  another  one  eonios  down  fi-oiii  Hanner  Tlill  in  a  south- 
westerly direction.  A  westward  flowin<?  channel  from  Crystal  Spring 
comes  throiiiih  the  Towntalk  Rid^^e  aiid  joins  this  cliannel  near  Ran- 
dolph Flat.  Still  another  from  the  Harmony  Rid^^e,  i)assin^^  tlii-oii^di 
Nevada  City  in  a  southwesterly  direction,  undoubtedly  joined  this 
same  system  at  or  near  Randolph  Flat.  On  the  other  hand,  a  lar^'e  por- 
tion of  this  drainap:e  from  Nevada  City  nndoul)tcdly  fh)wcd  nortlieriy 
and  westerly  throui;h  ^Fonte/uma  Hill;  thence  southwesterly  througli 
Bunker  Hill,  across  the  south  fork  of  the  Yuba  River  in  the  pfeneral 
direction  of  Kentucky  Ravine.  Still  another  cement  channel  runs 
across  throui2:h  Shelby  toward  Jones  Bar. 

Practically  all  of  the  Grass  Valley  and  Nevada  City  systems  is  now  of 
little  economic  importance,  as  the  richest  of  the  drift  ground  has  been 
worked  out,  and  only  the  Tertiary  and  cement  channels  remain  virgin. 
The  accompanyino;  map  shows  the  general  distribution  of  these  systems. 

The  area  described  in  what  is  known  as  the  Colfax  quadrangle  prob- 
ably contains  the  most  important  bodies  of  hydraulic  gravel  yet  remain- 
ing in  the  State  of  California.  In  the  Downieville  quadrangle  to  the 
north,  there  are  large  areas  of  higher  grade  gravel,  but  they  are  not 
nearly  so  extensive. 

It  has  already  been  mentioned  that  in  this  area  evidence  of  the 
glacial  origin  of  the  Cretaceous  white  gravel  channels  is  so  clearly 
manifest  that  it  can  not  be  overlooked.  A  sketch  or  profile  showing  the 
elevation  of  the  Tertiary  Yuba  from  Badger  Hill  to  IMichigan  Bluff  is 
inclosed.  The  data  for  this  profile  were  taken  from  Professional  Paper 
73  and  maps  of  the  U.  S.  Geological  Survey,  supplemented  by  detailed 
l)rivate  surveys  and  other  data.  The  projected  fault  corresponds  to 
the  North  Bloomfield  fault.  The  diverging  of  the  Tertiary  South  Yuba 
and  American  channels  from  a  common  source  and  the  occurrence  of 
diverging  runs  with  apparently  different  courses  in  the  same  channel 
system  can  be  paralleled  among  the  glacial  channels  in  Alaska. 

The  top  gradients  of  the  gravel  channels  are  such  as  prevail  on  the 
debris  deposits  resulting  from  operating  the  hydraulic  mines. 

This  profile  was  prepared  to  accompany  a  paper  upon  the  origin  and 
deposition  of  the  gravel  deposits,  which  is  now  in  preparation  by 
]\Ir.  W.  W.  Waggoner  of  Nevada  City. 

It  will  be  noted  upon  the  small-scale  map  of  the  Sierra  channels  at 
the  conclusion  of  this  report  that  in  many  places  these  diverging  and 
converging  channels  appear  to  run  uphill.  The  fact  that  these  channels 
are  originally  of  glacial  origin,  explains  very  clearly  what  can  not  be 
explained  by  assuming  a  pure  fluviatile  origin.  This  is  the  difficulty 
which  can  not  be  surmounted  by  advocates  of  the  pure  stream  bed 
theorj^  of  origin  of  these  channels.  A  notable  case  in  point  is  the  system 
of  channels  at  Little  Grass  Valley  in  the  La  Porte  district.  From  the 
]\IeFarland  Mine  above  La  Porte  it  is  noted  that  the  shingling  of 
the  gravel  appears  to  have  two  directions  from  one  high  point  in  the 
bedrock.  In  connection  with  this  district,  a  sketch  map,  made  by 
Mr.  Stretch,  an  old-time  engineer  and  surveyor  who  resided  in  the 
district  for  many  years,  is  submitted.     See  Plate  II.     This  sketch,  to 
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llic  \\i-it(M-'s  iiiiiid,  cont.-iins  moi-c  .•icciir.itc  iiiroi-iiiiil  ion  willi  i-t'<_iar(l  tn 
the  (•i)iirs('«  of  those  chaniit'ls  lliaii  is  olilaiiiahlc  fi-oiii  aiiv  ollici-  sDiii'ce, 
and  j)r()V('s  almost  concliisivcly  llic  oritiiiial  nUicial  origin  oj*  the  chaiiiicls 
ill  the  hi^luM-  Sicn-as,  to^rctluM*.  with  siilts('(iii('?it  stream  disl  lihiit  ion  of 
the  gravels. 

The  retjion  discussed  in  tins  section  is  i)rol)al)ly  tlie  most  iii.iportaiit 
from  an  economic  stand])oint  of  any  of  tlu^  ])lacci-  mininj^"  ji^round 
remaininji-  in  tiie  state.  The  water  rii»hts  eont rolliii*;-  tliis  section  and 
tlie  ditches  governinii^  it  are  larircly  in  tlie  hands  of  private  j)o\ver  eoi"- 
porations  and  ])n])lic  service  utilities.  For  this  reason  it  mi<i:ht  i)ossil)ly 
he  thousj:ht  that  the  operation  of  the  hydraulic  mininji:  in  this  re«j;ion 
would  be  opposed  to  the  interests  of  the  big  power  companies.  As  a 
matter  of  fact  this  is  not  the  case  for  the  reason  that  not  one-tenth  of 
the  winter  available  dni'ing  the  hydraulic  mining  season  is  now  being 
used  by  the  power  and  irrigation  companies.  ])uring  the  months  from 
December  until  June  the  excess  water  going  down  the  Yuba  and  the 
American  rivers  is  several  times  the  amount  which  would  be  required 
to  wash  all  the  available  gravel  in  this  reirinn,  large  as  that  amount  may 
seem. 

The  increasing  of  water  storage  facilities,  the  building  of  the 
impounding  dams  necessary  for  holding  not  only  the  miner's  tailings 
but  the  natural  erosion,  which  far  exceeds  what  the  miner  develops, 
will  furnish  to  both  the  power  and  the  irrigation  companies  water  and 
power  far  in  excess  of  any  of  their  needs  for  many  years  to  come,  and 
the  mutual  benefit  derived  therefrom  will  result  in  the  complete 
harmony  of  all  apparently  conflicting  interests. 

During  Cretaceous  times  the  equivalent  of  the  American  River  was 
undoubtedly  much  smaller  than  the  present  stream,  as  the  greater 
l)ortion  of  the  area  now  drained  by  the  north  and  middle  forks  was 
then  drained  by  the  great  south  fork  of  the  Cretaceous  Yuba.  The 
lower  drainage  of  the  American  is  now  expressed  in  channels  of  two 
types;  one  lying  deep  under  the  Quaternary  alluvials  of  the  present 
Sacramento  Valley  between  Roseville  and  Auburn,  and  the  second  or 
intervolcanic  phase  lying  along  Boulder  Ridge.  Beth  of  these,  by  their 
erosion,  have  created  a  certain  enrichment  among  the  Quaternary 
gravels,  which  is  of  some  economic  importance.  In  the  neighborhood 
of  Loomis  there  is  a  very  considerable  body  of  gravel  which  will  run 
from  20  to  30  cents  a  yard,  in  which  the  values  have  evidently  been 
concentrated  by  the  erosion  of  the  original  shore  gravels.  This  con- 
centration was  of  irregular  depth,  in  most  places,  being  quite  shallow, 
and  covers  several  thousand  acres  in  the  aggregate.  It  might  possibly 
be  worked  by  an  adaptation  of  the  hydraulic  method,  with  centrifugal 
pump  stepped  into  the  line  to  furnish  pressure.  It  is  possible  also  that 
some  of  this  gravel  might  be  Avorked  by  the  use  of  steam  shovels  or 
other  mechanical  handling. 

The  original  Cretaceous  channel  of  the  American  River  probably  had 
its  outlet  somewhere  near  what  is  now  Secret  Ravine  just  east  of  Rose- 
ville. Going  up  stream  in  a  northeasterly  direction  we  find  traces  of 
the  channel  southwest  of  Loomis  and  at  Rattlesnake  Bridge.  From  here 
the  channel  runs  almost  due  north  to  Auburn,  where  it  makes  a  sharp 
bend  southward  again  across  Knickerbocker  Creek  to  Pilot  Hill.  The 
Tertiary  phase  of  this  channel  is  expressed  on  Boulder  Ridge  and  the 
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vidp'c  1()  llic  iioi-lli  of  Dulcli  Ix'iiviiic.  Souk;  coiu'cnli-nriori  from  this 
sliii('(>  rohhcr  cluiiincl  \v;is  i-cspoiisihic  Tor  llic  placer  <li^,i,^iii^'s  at  (lold 
"'"  '"><1  «it  Opliir,  alllioiij^li  local  st  i-iii-icr  (jiiricliiiiciit  was  also 
rcs|)()i)sil)lc  for  a  lar^c  i)art  of  flic  values. 

Ill  the  vicinity  of  Auhurii  some  ]M)ssibh'  di-ift  j^round  still  remains 
in  tlie  old  channel  where  it  has  not  l)een  cut  away  by  the  intervolcanie 
channel,  and  lower  down  near  Ijoomis  are  several  acres  of  Q:ood 
hydraulic  (^levator  iiromid,  wliicli  is  fed  fi'om  this  channel.  From  Pilot 
Hill  in  a  southwesterly  direction  traces  of  this  channel  can  be  found 
near  Clark  Mountain  and  at  Thompson  Ilill  and  Granite  Hill  southerly 
from  Coloma.  It  does  not,  however,  find  its  fullest  expression  a^rain 
until  it  reaches  the  Placerville  district.  In  this  nei^irhborhood  there  has 
been  a  great  deal  of  enrichment  due  to  the  erosion  of  the  orig-inal 
Cretaceons  channel. 

The  Placerville  district,  situated  on  the  rid^e  between  the  south  fork 
of  the  American  Eiver  and  Webl)ei'  Creek,  has  been  a  very  rich  field. 
The  modern  drainage,  enriched  by  the  eroded  gravels,  probably  yielded 
the  larger  proportion  of  the  gold  which  has  been  taken  out,  but  con- 
siderable money  Avas  derived  from  drifting.  It  is  estimated  that  about 
$25,000,000  has  been  produced  from  this  area.  A  very  full  description 
of  this  area  is  given  in  Professional  Paper  73  of  the  U.  S.  Geological 
Survey,  to  which  the  reader  is  referred  for  further  information. 

The  original  channel,  which  fed  the  Placerville  Basin,  has  never  been 
bottomed  from  Texas  Hill  west,  and  this  could  only  be  done  by  a  long 
tunnel  on  the  Webber  Creek  side.     Webber  Creek  itself  offers  some 
dredging  possibilities  due  to  the  old  tailings  which  have  been  recon- 
centrated  therein  from  the  washings  of  the  Placerville  district.    Dredg- 
ing operations,  however,  might  possibly  be  hampered  by  the  narrowness 
of  the  Webber  Creek  channel  at  irregular  intervals.     In  the  neighbor- 
hood of  White  Rock  Canyon,  immediately  north  of  Placerville,  and  in 
Randolph  Canyon,  is  still  some  good  hydraulic  ground.     In  the  former 
section  mention  was  made  of  two  tributary  channels  which  came  in 
from  the  north  and  were  mostly  eroded  by  the  drainage  of  Rock  Creek 
and  of  Silver  Creek.    Undoubtedly  the  channel  which  came  down  from 
Kentucky   Flat   contributed   very   greatly   to   the   enrichment   of   the 
Placerville  district,  as  it  crossed  the  pocket  belt  which  extends  in  a 
general  wa}^  from  "the   Georgetown  district  down  toward  Placerville, 
The  district  immediately  north  and  south  of  Georgetown  has  produced 
a  great  deal  from  pocket  mines,  and  the  erosion  of  gravels  of  modern 
streams  still  contain  a  very  considerable  gold  content.     From  Placer- 
ville east  to  Newtown  this  channel  crossed  the  north  fork  and  the  south 
fork  of  Webber  Creek.     At  Newtown  considerable  hydraulic  mining 
was  done.    A  branch  apparently  came  into  this  channel  from  Pleasant 
Valley,  which  contains  a  very  large  quantity  of  gravel,  in  portions  of 
w^hich   dredgeable   areas   could   undoubtedly   be   segregated.      This    is 
especially  true  of  the  region  around  Newtown  and  immediately  to  the 
south.    From  Newtown  on,  this  channel  passed  in  a  northwesterly  direc- 
tion on  the  ridge  between  the  south  and  north  forks  of  Webber  Creek, 
and  may  be  picked  up  at  Clayton  and  again  near  Pacific  House,  where 
it  has  been  drifted  more  or  less  unsuccessfully.     It  was  joined  from  the 
north  by  the  Silver  Creek  tributary,  both  forks  of  which  had  their 
oris^in  on  Pilot  Creek  above  and  below  Form's  Ranch.     From  Pacific 
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House  ii  clijiimcl  f.iii  Ix'  lr.-i«'C(l  in  the  c-iiivdii  nl"  llic  Soiilli  l\i\'\s  ol"  llic 
AuuMM<'an  Kivcr  on  (mIIkm-  side  Jiliimsl  up  lo  l\;ilst<tu  Peak,  l)ul  is  ol'  little 
ecoiionnc  importauc(\  >\  1ril)utai-y  from  the  s<uitli  joins  this  channel 
near  HuUion  Kend.  which  i)i-ohal)ly  luid  its  ori«jin  neai*  Round  Top  and 
came  down  throuiih   Heirs  Deliirht  Valloy. 

From  an  economic  standpoint  bv  i'ar  the  most  important  |Mii-tion  of 
this  channel  lies  in  the  nciirhborhood  of  the  Plaeerville  i^asin. 
Apparentlx  there  still  remains  a  possibility  of  drifting  in  this  district, 
which  miirlit  be  profitable  if  drainair*'  could  be  <rained  at  the  bottom  of 
the  Deep  Hlue  lead.  To  the  northwest  of  Plaeerville  the  whole  of  this 
st retell  lias  been  drifted  except  for  about  a  (piarter  of  a  mile  south  of 
the  Gas  Pipe  claim.  Aeeordiii'r  to  Lindirren,  from  Smith  Flat  to  Alta 
near  the  Landaker  tunnel,  the  channers  treneral  course  is  from  east 
northeast  to  west  southwest  for  about  two  miles.  The  o^rade  from 
White  Rock  to  Prospect  Flat  is  39  feet  to  the  mile ;  from  Prospect  Flat 
to.  the  Linden  ^line  the  grade  is  53  feet  to  the  mile,  but  from  Texas  Hill 
on  southwesterly  the  channel  has  never  been  bottomed  and  the  2:rades 
are  unknown. 

As  there  is  very  little  of  value  from  an  economic  standpoint  on  this 
channel,  it  is  hardly  worth  while  to  go  into  much  more  detail  re^ardini;' 
it.  The  reader  is  referred  aaain  to  Lindgren  and  to  Whitney's  orig- 
inal report  on  the  auriferous  gravels  of  California  for  information 
which  may  have  a  historic  value,  if  not  an  economic  one. 

The  large  dredging  field  in  the  delta  gravels  around  Folsom  has  been 
described  in  detail  many  times.  The  reader  is  again  referred  to  the 
bibliography. 

Section  4. 
cosumnes,    mokelumne.   calaveras   and    stanislaus    rivers. 

Along  the  old  shore  line,  considerably  north  and  even  a  little  south 
of  lone,  is  very  much  delta  gravel  which  has  been  deposited  by  the 
ancient  river  in  its  migratory  discharge.  Where  modern  gulch  erosion 
concentrated  these  shore  gravels  a  very  considerable  proportion  of  it 
was  worked  in  a  small  way.  It  might  still  l>e  possible  to  handle  some 
of  these  shore  gravels  at  a  profit. 

The  lower  reaches  of  this  river  are  almost  entirely  eroded  above  lone, 
although  the  junction  of  its  north  and  south  forks  left  a  little  gravel 
at  Irish  Hill.  Above  this,  on  both  forks,  the  channel  is  nearly  always, 
where  present,  heavily  lava  capped  except  on  the  upper  reaches  of  the 
north  fork,  and  also  near  Volcano  on  the  south. 

At  Oleta  the  north  fork  is  concentrated  into  the  gulch  made  by 
modern  erosion,  and  very  good  placer  diggings  resulted.  Below  Oleta 
the  channel  is  found  in  place.  Following  up  stream  by  way  of  Aukum 
it  passes  west  of  Cedar  Creek  to  Fair  Play.  Above  Fair  Play  modern 
erosion  again  produced  a  concentration  in  the  gulches  on  both  sides 
of  the  main  river.  At  Omo  Ranch  the  channel  is  again  lava  capped,  also 
at  Slug  Gulch.  There  is  considerable  virgin  drift  ground  here  which 
has  some  possibilities ;  in  many  places,  however,  the  gravel  has  been  so 
completely  cut  out  b}"  the  lava  flows  that,  even  including  bedrock  pay, 
there  is  not  enough  in  the  channel  to  justify  working.  At  ^lenden  and 
at  Indian  diggings  are  considerable  bodies  of  hydraulic  ground,  but 
there  is  not  a  great  deal  of  water  for  working  purposes.     A  branch 
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slrcain  (•.•iiiic  in  I'l-om  ({ri/zly  l<'liil  hv  wiiv  of  the  Henry  diu'^iiij^s.  Tliis 
stivjiiii  si  ill  has  some  uood  dril't  ^toimkI  on  il.  A  lowci-  course  of  this 
same  rixci-  uocs  down  IVoni  Mcndcn  tlii-onuh  Houuhinan's  Mill.  Aj^ain 
Joiuinii'  \ho  main  cliannel,  it   |)ass('s  onl    Ihi-onnli  (Vu'otcvillc. 

F()ll()\viii<i'  up  the  south  fork'  ol'  the  ancient  river  from  Irisii  Hill  its 
course  is  very  nearly  the  same  as  that  of  Dry  Creek.  At  Posey  Hill 
is  a  drift  ehaiinel  which  lias  ooTisider;d)le  possibilities.  At  this  point 
the  main  channel  is  joined  hy  another  bi-anch  which  comes  down  from 
the  northeast.  Still  another  channel  comes  through  Volcano,  where  it 
has  ])een  largely  eroded  into  the  gnlehes  to  join  this  main  ehannel  by 
way  of  the  south  side  of  Dry  Creek.  Passinf^;  npward  through  Lock- 
wood,  where  it  is  joined  by  still  another  tributary,  it  continues  easterly 
for  several  miles  along  the  ridge.  From  Posey  Hill  on  up,  the  channel 
is  heavily  lava  caj^ped  and  apparently  the  greater  portion  of  it  is 
virgin.  There  is  not,  however,  a  great  deal  of  water  to  work  with  and 
it  is  extremely  doubtful  if  this  ehannel  can  be  called  drift  ground 
except  in  certain  localities. 

Coming  down  to  the  extreme  lower  reaches  of  the  ancient  river,  which 
have  been  widely  distributed  over  the  rolling  hills  of  the  Sacramento 
Valley  by  modern  erosion,  on  tlie  Plymouth  Road  between  Michigan 
Bar  and  Forest  Home,  there  is  still  a  great  yardage  of  gravel  which 
could  be  hydraulicked,  and  also  several  thousand  acres  of  shallow 
ground  in  which  it  is  possible  that  portions  might  be  segregated  which 
will  prove  economically  profitable  for  a  small  dredge.  Only  a  portion 
cf  this  ground  is  deep,  as  in  most  places  the  bedrock  comes  close  to  the 
surface.  The  only  possible  water  for  working  this  ground  would  have 
to  be  obtained  from  the  Cosumnes  Riv^r.  This  ground  is  within  25  to 
30  miles  from  Sacramento  by  wagon  road. 

As  stated  before,  the  exact  course  of  this  channel  is  rather  hard  to 
determine  in  its  low^r  reaches.  Many  of  the  creeks  above  lone,  includ- 
ing Horse  Creek  and  Mule  Creek,  were  worked  in  the  early  days  and 
paid  very  well.  They  were  undoubtedly  enriched  by  the  erosion  of  this 
channel.  From  Plymouth  on  up  to  Volcano  there  have  been  several 
fairly  good  hydraulic  diggings,  notably  on  the  headwaters  of  Rancheria 
and  Dry  Cneek.  At  Volcano  Avas  probably  the  greatest  enrichment. 
Here  the  bedrock  is  largely  limestone,  and  the  gravel  and  lava  were 
removed  by  erosion,  concentrating  the  values  in  the  channel  to  such  an 
extent  that  they  formed  what  were  at  one  time  some  of  the  richest 
placer  diggings  in  the  State  of  California.  Above  Volcano  to  the  north, 
the  Elephant  ]\tine  has  been  operated  within  the  last  few^  years.  Con- 
siderable gravel  still  remains  in  these  diggings.  From  Volcano  on  up 
to  the  head  of  Ashland  Creek,  the  channel  has  not  proved  of  any  great 
economic  value.  A  branch  running  down  to  the  east  of  Pine  Grove  has 
been  hydraulicked  to  a  certain  extent.  IMost  of  the  bedrock  here  is 
in  the  Paleozoic  metamorphics,  but  there  has  not  been  a  great  deal  of 
local  or  stringer  enrichment. 

The  north  fork  of  the  river,  passing  up  through  Bridgeport,  has  been 
worked  at  various  places  and,  between  Fair  Play  and  Grizzly  Flat,  it 
crosses  a  pocket  belt  w^hich  has  been  responsible  for  considerable  enrich- 
ment. This  channel  can  be  traced  up  the  ridge  between  Long  Canyon 
and  Steeley  Fork  for  a  considerable  distance,  and  some  mining  has 
been  done  on  its  upper  end. 
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The  soiilli  I'oi'U  ol'  this  clumiicl  cxlciids  iniicli  rai'llicr  \)nrk  int<t  lln* 
Sierras.  From  Lockwood  up  to  Hams  its  course  can  \)o  traced  l»y  a 
lu'avy  lava  cap.  Sli«ihtl\  al)ove  Hams  it  divides,  one  branch  j^oin^ 
towai'd  licek  Spring-  IHll  and  tlic  other  running  almost  due  east  toward 
Mokehnnne  Peak.  Neither  of  these  hi-aiichcs  'ire  of  any  e(M)nomi(' 
imj^ortance. 

Tlie  Cretaceous  e((uivalent  ol'  the  Mokelumne  \l\\vy  is  probably  the 
most  important  of  the  southern  i  iveis.  Starting  with  the  Concentrator 
channel  near  Amador  City,  which  was  extensively  worked  by  hydraulics 
minin<:'  in  the  early  days,  the  fri'ound  has  been  drifted  down  through 
fJackson  and  Hutte  City  to  ^Fokelumne  Hill,  l^elow  this  i)oint  it  is 
joined  by  a  nund)er  of  channels  which  are  partly  vir<rin.  All  of  these 
conver<>e  at  Central  Hill.  In  Chili  (Julch,  below  ^rokelumne  Ilill,  there 
is  still  some  tjood  hydraidic  ••round,  and  also  to  the  west  of  this.  The 
main  channel,  which  ])asses  down  near  P^steria,  is  practically  virj^in. 
The  iiravel  is  very  deep,  with  intermittent  lava  capping. 

The  Tunnel  Ridire  channel,  the  Duryea  channel,  and  the  Blue  Lead 
still  have  consicbn-able  virgin  ui'ound  which  might  possibly  i)ay  for 
drifting,  but  in  which  a  good  deal  of  water  would  have  to  l)e  handled. 
AVater  for  mining  pur})oses  would  i)robably  have  to  l)e  o))taine(l  from 
the  ]\Iokelumne.  At  Central  Hill  these  last  named  channels  unite  with 
the  main  branch  which  comes  across  from  Altaville,  through  San 
Andreas.  Near  Cala Veritas  this  channel  is  joined  by  the  Fort  Aloun- 
tain  channel.  Starting  on  the  west  side  of  Tiger  Creek,  and  going 
through  on  the  east  side  of  Bald  ^Mountain  there  is  considerable 
hydranlic  ground  on  this  channel.  On  the  other  branch,  coming  down 
east  of  West  Point  through  Railroad  Flat  and  Fort  Mountain  and 
down  to  Sheep  Ranch,  are  several  miles  of  virgin  drift  ground.  At 
Rigneys,  near  Sheep  Ranch,  and  below,  is  a  considerable  body  of 
hydraulic  ground  of  a  grade  and  feasibility  of  working  that  might  make 
it  attractive  to  the  small  placer  miner.  From  Sheep  Ranch  on  to  Cala- 
veritas,  erosion  has  removed  a  good  deal  of  this  channel,  although  at 
Cave  City  and  at  Old  Gulch  considerable  hydraulic  mining  has  l)een 
done.  Coming  back  to  the  main  south  fork  of  the  ancient  river  we 
follow  it  from  Fourth  Crossing  tlirough  Dogtown  and  Angels  Camp. 
Considerable  drifting  and  hydraulicking  has  been  done  in  this  neigh- 
borhood. The  headwaters  of  this  branch  are  on  the  north  and  south 
sides  of  the  north  fork  of  the  Stanislaus  River.  It  is  again  picked  up 
about  six  or  eight  miles  above  Avery  and  follows  down  the  ridge  in  a 
southwesterly  direction  to  Douglas  Flat.  From  here  it  is  joined  ])y  a 
very  rich  tributary  which  comes  down  from  above  ^lurphy's  I^anch. 
At  Vallecito  it  is  joined  by  a  northward  flowing  tributary  whicli  came 
through  by  way  of  Cohunbia.  At  Vallecito  there  has  been  a  great  deal 
of  erosion  and  some  exceedingly  rich  placer  diggings  have  ])een 
developed. 

At  San  Andreas  is  still  untouched  drift  ground  of  possible  value. 
Below  Central  Hill  the  channel  swings  into  the  old  shore  line  near 
Valley  Springs.  It  has  been  reconcentrated  in  the  Calaveras  River,  on 
the  lower  reaches  of  which  considerable  dredging  and  placer  mining 
lias  been  done.  Continuing  on  westwai'd  to  the  region  of  Campo  Seco, 
Comanche,  and  Lancha  Plana,  the  delta  of  this  rivei-  was  exceedingly 
rich,  and  was  much  worked  in  the  earlv  da  vs.     The  low.  rolling  hills 
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ill  this  region  arc  (•ovcrecl  with  sluillow  <2^ravel,  wiiicli  wjjl  run  any- 
where from  20  to  50  cents  a  yard.  There  is  an  excellent  opportunity 
here  I'or  eillier  hydranlickin^  with  centrifnp^al  puirips  or  for  workinL^ 
with  a  steam  sliovel  plant  and  l)elt  conveyors.  Tin;  avera^^^e  richness 
of  this  ^n'ound  and  the  uiiirormity  of  tlie  ^'old  distrihulion  make  it 
attractive,  and  it  will  nndonhtedly  be  worked  at  some  future  date. 
Some  dred«»'iiii»"  has  been  done  near  Cam})o  Seco. 

On  this  channel  of  the  ancient  Mokelumne  are  probably  upw'ards  of 
400,000,000  yards  of  gravel,  a  large  portion  of  which  has  a  good  chance 
of  beinsi'  worked  at  a  profit  by  either  dredging,  drifting,  hydraulicking 
or  mechanical  methods,  such  as  steam  shovel  work. 

Lower  down,  near  Jenny  Lind,  a  south w^ard  flowing  delta  of  this 
same  river  has  concentrated  much  fine  gold,  and  a  good  dredging  area 
has  been  developed  here,  which  is  now  almost  worked  out.  From  Jenny 
Lind  north  along  the  shore  line  of  the  ancient  ocean,  there  is  still  a 
good  i)ossibility  of  finding  shallow  areas  of  ground  which  might  be 
worked  either  by  mechanical  means  or  by  hydraulicking  with  reservoirs 
and  centrifugal  pumps. 

Coming  back  to  the  south  fork  of  the  South  Fork  of  this  ancient 
^lokelumne  River,  we  have  an  area  between  Vallecito  and  Yankee  Hill 
which  has  been  one  of  the  richest  from  the  point  of  production  in  the 
State  of  California.  The  bedrock  here  is  largely  limestone,  and  the 
channel  was  concentrated  in  many  places  to  the  point  of  exceeding  rich- 
ness. In  the  neighborhood  of  Columbia,  alone,  over  $55,000,000  has 
been  taken  out.  The  course  of  this  channel  can  be  followed  up  stream 
across  Woods  Creek,  Avhere  it  makes  a  sharp  bend  to  the  north  through 
Yankee  Hill  and  again  crosses  the  south  fork  of  the  Stanislaus  River. 
The  last  trace  of  this  branch  is  found  near  American  Camp  where  it 
was  hydraulicked.  The  Stanislaus  River  was  tremendously  enriched 
from  about  the  junction  of  Five  Mile  Creek  on  the  south  fork  clear 
down  to  ^Melones,  by  the  erosion  of  the  branches  of  this  channel.  After 
crossing  Woods  Creek,  the  main  branch  of  this  channel  can  be  follow^ed 
almost  due  easterly  through  Phoenix  Lake  by  Avay  of  Browns  Flat  to 
Arastraville,  where  it  makes  a  sharp  turn  to  the  northeast,  and  can  be 
followed  up  the  ridge  between  the  north  fork  of  the  Tuolumne  River 
and  the  south  fork  of  the  Stanislaus  by  way  of  Confidence,  Sugar  Pine 
and  Long  Barn  clear  up  to  Cold  Spring.  This  channel  has  never  been 
of  economic  value  from  the  drifting  standpoint,  though  considerable 
work  has  been  done  upon  it. 

At  Melones,  near  the  junction  of  Coyote  Creek,  is  considerable  local 
enrichment,  due  to  the  crossing  of  the  pocket  belt,  which  comes  through 
by  ]\Iorgan  Hill.  This,  in  addition  to  the  gold  which  was  brought  dow^n 
by  the  Stanislaus  River  from  the  crossing  of  the  old  channels  four  or 
five  miles  above,  resulted  in  some  very  fair  surface  placers. 

In  connection  with  this  river,  it  is  advisable  to  trace  the  course  of  the 
channel  which  has  probably  been  one  of  the  most  effective  sluice  robbers 
and  the  cause  of  more  blasted  hopes  among  placer  miners  than  any 
channel  in  the  State  of  California.  This  is  what  is  knowai  as  the  Table 
^Mountain  channel.  Starting  in  on  the  ridge  below^  Clover  Meadow,  it 
runs  southerly  across  on  the  Middle  Fork  of  the  Stanislaus  to  Shotgun. 
From  here  it'  turns  w^esterly  by  way  of  Mount  Knight  and  CoUierville 
toward  Douglas  Flat.    This  channel  was  a  strictly  intervolcanic  channel 


(101  A)    i'LACEKS    OF    (' \  1 .1  KOK  N  I  A 


H!) 


of  lalo  Xcocoiic  a^c.  For  tliis  reason  it.  coiitaiiis  no  values  until  il  niccls 
llic  oUl  channel  l)olo\v  J)ou,i,^las  City.  Crossinir  down  sli^'htly  to  the  east, 
of  N'alleeito,  il  foUows  the  bed  of  \ho  old  Coluinhia  channel  for  several 
niihvs.  As  this  was  an  exceodin.nly  rich  ancient  channel  flowin^^  north- 
ward, and  the  Tahh'  Mountain  channel  Howed  southward  witli  its  course; 
cut  out  and  i-arved  by  frecjuent  rushes  of  volcanic  lava,  the  channel 
was  enriclied  to  the  extent  of  its  ability  to  rob  from  the  old  Colunil)ia 
channel  for  a  very  considiM'able  distance  beyond  the  i)oint  of  its 
departure,  which  occurred  somewhere  in  the  nei^diborliood  of  Parrott's 
Ferry  on  the  main  Stanislaus  River.  Continuing  sojithward  west  of 
Sprinutield  and  Sliaws  Fhit,  lliis  clianiicl  can  i-eadiiy  be  traced  under 
what  is  now  known  as  Talth'  Mountain  throuuh  tlie  rifl^^e  west  of 
Jamestown.  Wherever  it  has  been  eroded  l)y  mcxh'rn  drainage  there 
lias  been  a  certain  amount  of  local  enrichment,  but  practically  all  of 
tliis  enrichmcjit  was  undoubtedlx-  derix'cd  oi'iizinallx-  from  the  old  iiorth- 
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ward  flowing  Columbia  channel.  At  ^lontezuma  and  .Mountain  Pass 
this  channel  has  been  worked  by  hydraulic  mining*  and  has  also  been 
drifted.  At  numerous  places  north  of  this,  notably  at  Springfield, 
much  money  has  been  spent  in  an  attempt  to  drift  tliis  channel  but 
none  of  the  attempts  have  been  suceessfuL 

A  characteristic  of  this  channel  is  that  numerous  parallel  courses  of 
shallow  depth  have  been  cut  out  and  then  the  who^.e  covered  by  an 
enormous  flow  of  latite.  For  this  reason  prospecting  it  has  proved 
tremendously  expensive.  The  course  of  this  channel  can  be  traced  by 
this  latite  flow  from  ^lontezuma  down  through  Peoria  ^Mountain,  on 
the  southeast  side  of  the  present  Stanislaus  River,  clear  clown  to 
Knights  Ferry,  where  it  probably  emptied  into  the  old  Tertiary  ocean 
somewhere  near  AVildcat  Creek.  At  various  points  along  this  line  it 
has  been  mined,  notably  at  the  AYagner  Ranch,  Peoria  P)asin  and  on 
Ow^  Creek,  but  none  of  the  operations  have  ever  been  successful. 
Judging  from  its  history,  this  channel  should  be  avoided  from  a  mining 
standpoint. 
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('{tilling'  hack  to  llic  ( 'oliiinhia  clwiiiiicl,  in  its  course!  up  toward  Yankee 
Hill,  is  still  some  possible  hydraulic  ground ;  also  on  the  main  Stanislaus 
Kivci'  at  the  junction  of  the  south  fork  there  is  a  deep  hole  which  mi^lit 
|)ossihly  j)ay  to  |)ros|)ect  with  a  view  of  turning  the;  main  river  duriu^^ 
the  sunnncr  time  and  workin**'  the  <iravel.  It  would  prol)al)ly  he  a  very 
expensive  operation,  hut  there  is  nn(louhtedl\'  considerahle  ^old  in  the 
nuun  stream  at  this  point,  due  to  the  erosion  of  the  rieh  ehannel  whieh 
crossed  above  it  on  the  south  fork. 

No  reeonnnendations  have  been  made  with  regard  to  d(!l)ris  dams  on 
either  of  these  streams.  Owin<4"  to  the  rolling  nature  of  the  country,  it 
seems  that  more  likely  dump  sites  could  be  found  in  the  uplands  above 
the  streams,  and  if  hydraulic  mining  were  resumed,  it  is  probable  that 
very  satisfactory  brush  and  crib  dams  could  be  constructed  without  the 
necessity  of  the  expensive  concrete  construction  which  is  absolutely 
mandatory  in  the  northern  rivers.  As  the  water  rights  in  this  country 
are  not  nearh'  so  good  as  the  water  rights  to  the  north,  it  does  not  seem 
very  likely  that  hydraulic  operations  would  ever  assume  the  proportions, 
even  relatively,  in  this  region  that  it  would  in  the  region  of  the  Ameri- 
can, the  Bear  and  the  Yuba.  On  the  other  hand,  there  is  no  doubt  that 
there  still  remains  in  this  region  several  hundred  million  yards  of  gravel 
which  are  adaptable  to  handling  by  hydraulicking,  or  by  the  use  of  some 
form  of  mechanical  elevation.  In  addition  to  this,  there  is  still  consid- 
erable virgin  drift  ground — notably  in  the  region  around  Vallecito, 
San  Andreas  and  Mokelumne  Hill. 

TUOLUMNE  AND  MERCED   RIVERS. 

The  Tuolumne  River  is  the  last  of  the  great  rivers  toward  the  south 
which  drained  the  western  slope  of  the  Sierras  during  Cretaceous  and 
Tertiary  times.  A  shore  outlet  of  this  river  was  apparently  located  at 
what  is  now  Chinese  Camp.  At  this  point  the  gravels  were  distributed 
and  reconcentrated  by  modern  erosion,  and  were  exceedingly  rich. 
Although  little  water  was  available  for  working  them,  an  entire  hill  of 
gravel  Avas  broken  down  and  hauled  away,  operations  being  conducted 
in  the  simplest  and  crudest  manner,  but  with  considerable  profit  to  the 
owners  due  to  the  extraordinary  richness  of  the  gravel.  Apparently 
another  outlet  of  this  stream  came  through  to  the  southeast  of  Chinese 
Camp  by  way  of  what  is  known  as  the  ^lencke  Ranch.  To  the  north  of 
this  considerable  handwork  was  done  on  the  concentration  of  the  ancient 
gravels  of  the  river.  There  is  still  a  possibility  of  a  drift  mine  in  this 
locality,  although  the  amount  of  water  in  the  course  of  the  old  channel 
makes  it  rather  expensive  working.  Following  up  stream  the  ancient 
channel  goes  back  almost  along  the  present  caiion  of  the  Tuolumne 
River.  At  various  points  are  still  segments  of  uneroded  gravel,  notably 
on  Big  Humbug  Creek,  and  a  trifle  to  the  north  of  Smiths  Station. 

To  the  north  of  Groveland,  on  the  head  of  Big  Humbug  Creek,  is  an 
area  of  exceedingly  spotty  gravel,  from  which  the  lava  cap  has  largely 
been  eroded.  This  has  been  worked  with  very  little  success  for  several 
years.  From  here  on  up  to  the  Gravel  Range,  on  the  east  side  of  the 
present  Tuolumne  River,  are  several  deposits  of  the  gravel  of  the 
ancient  stream,  which  apparentlj^  have  not  been  considered  sufficiently 
profitable  to  do  much  work  on.  As  in  this  neighborhood  we  are  going 
away  from  the  main  belt  of  metamorphic  rocks  and  approaching  the 
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«j:raiiitic'  ai'ca.  Iliis  may  possihiy  Ix'  the  reason  lliat  the  \'alu('  <•!'  \\\^\ 
gravels  apjx'ars  lo  have  irrcatly  (h'ci'cascd. 

A1)0V('  flacksonvillc  on  Moccasin  Creek  a  irreal  deal  of  work  was  done 
by  the  early  ininei's  on  the  litiht  ui'avels  which  were  conceiiti'ated  in  that 
creek.  Jt  is  (piite  possible  that  another  course  of  tho  Tuolumne  River, 
which  has  now  l)een  coin|)letely  eroded,  may  have  cont  ?"il)nted  lowai'd 
tho  oiiriclnnent  of  Moccasin  (^I'cek. 

At  La  (i!ran«i'e.  on  the  ])resent  Tnohimne  Kiver.  and  in  the  imnuidiatc! 
vicinity,  there  is  a  tremendous  amount  of  delta  <j:ravels  which  were 
apparently  faii'ly  prolitahle  durin*r  the  days  of  unrestricted  liydraulic 
minini>:.  ^lany  mines  were  operating'  here  (lurin«j^  the  70 \s  and  8()'s,  and 
at  present  along  the  bed  of  the  present  river  the  ground  is  being  dredged 
at  a  fair  profit.  From  one  to  two  miles  above  La  Grange  there  are  still 
large  banks  of  gravel  which  are  capable  of  being  hydraulicked.  The 
gravel  is  slightly  eementcHl  and  not  very  heavy.  It  is  possible  that  this 
area,  instead  of  being  a  delta  of  the  ancient  TuolumiK*  River,  may  have 
been  built  up  by  a  minor  stream  which,  more  or  less,  corresponded  to 
the  present  Merced  Kiver  in  its  drainage.  As  the  country  has  been 
heavily  eroded  to  the  eastward,  it  is  exceedingly  hard  to  identify  this 
delta  deposit  with  any  of  the  ancient  streams. 

On  the  Pierced  Kiver  there  has  been  some  very  fair  gravel  at  Snelling, 
where  a  dredge  was  operating  for  several  years.  Between  Snelling  and 
Pierced  Falls,  in  the  early  days,  considerable  surface  placering  was 
done.  From  here  on  up  to  Horseshoe  B(mu1  the  river  had  considerable 
grade,  but  a  small  amount  of  placer  work  was  done  in  Pleasant  Valley. 
At  Horseshoe  Bend  efforts  are  still  being  made  to  mine  the  stream. 
Above  Bagby  and  in  the  tributary  gulches  in  that  neighborhood  some 
hand  mining  was  done  in  the  early  days. 

There  are  traces  of  an  ancient  channel  above  Coulterville,  about  four 
or  five  miles  south  from  ^Mountain  King  and  on  the  southeast  side  of 
]Mount  Bullion.  Whether  this  channel  was  continuous  through  these 
areas,  or  whether  they  are  fragments  of  several  small  channels,  is  a 
matter  that  is  impossible  to  determine,  due  to  the  extensive  erosion 
which  has  taken  place.  There  is  no  question,  however,  that  most  of  the 
modern  enrichment  of  the  present  Merced  River  has  been  derived  from 
the  pocket  belt  which  extends  northward  from  ]\Iariposa  toward  Coulter- 
ville at  Bear  Valley.  A  few  miles  south  of  Bagby  extensive  placer  work 
was  done  in  the  early  days,  but  the  richness  of  the  gulches  in  this  neigh- 
borhood was  undoubtedly  caused  by  the  primary  concentration  of  quartz 
seams  and  stringers  bearing  fairly  rich  pockets  in  this  neighborhood. 
The  same  thing  applies  to  the  placer  work  on  Hornitos  Creek  and  Burns 
Creek  in  the  neighborhood  of  Hornitos.  This  placer  was  fairly  good  in 
the  gulch  diggings  in  the  early  days,  but  it  has  now  been  pretty  well 
worked  out.  The  Pleasant  Valley  gravel  is  said  to  run  better  than  30 
cents  a  yard.  If  this  be  true,  it  is  strange  that  it  has  not  been  worked, 
as  there  is  a  considerable  yardage  of  available  liydraulic  gravel  still  to 
be  seen.  Above  Coulterville  at  Dogtowii  hydraulicking  is  now^  being 
used  to  sluice  off  an  area  of  seams  and  pockets  which  has  made  placer 
diggings  by  its  erosion.  From  Bear  Valley  down  to  3Iariposa  are  local 
concentrations  in  the  gulches  caused  by  the  erosion  of  pocket  veins  on 
the  Marii)osa  drainage.  These  gulch  diggings  have  been  Avorked  by 
hand,  and  it  is  quite  possible  that  some  of  them  would  still  pav  to 
hydraulic. 
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Ill  till'  main,  the  Mcri-cd  region  consists  oi"  very  spotty  j^ulch  diggiiij^s, 
wliich  nrc  mostly  worked  out.  The  ehannel  mentioned  above,  whieh 
passes  about  five  miles  east  of  C'oulterville,  has  })een  slii^ditly  drifted, 
but  without  nuieli  sueeess :  for  one  reason  because  the  euts  wliieii  run 
into  it  did  not  reach  the  bottom  of  the  old  ehannel. 

UPPER    SAN   JOAQUIN,   FRESNO,   KINGS,   KAWEAH    AND    KERN    RIVERS. 

On  the  ui)i)er  San  Joaquin,  which  forms  the  boundary  line  between 
Madera  and  Fresno  counties,  there  has  been  some  slight  enrichment 
which  was  worked  in  the  early  days,  notably  at  Italian  Bar  and  in  the 
neighborhood  of  Huntington  Lake  and  Cascade.  There  have  been  some 
placer  operations,  but  no  great  amount  of  money  has  Ijcen  taken  out. 

In  Madera  County,  on  tributaries  of  the  Fresno  River,  considerable 
placer  work  was  done  in  the  early  days.  Grub  Gulch  was  worked  for 
several  miles  toward  the  river,  but  it  is  now  all  worked  out.  The  same 
applies  to  Coarse  Gold  Creek.  On  Kings  Gulch,  above  Grub  Gulch,  is 
a  fragment  of  an  old  channel  which  has  been  unsuccessfully  drifted. 
This  may  possibly  be  connected  with  the  segments  to  the  north  which 
have  been  noted  on  the  Merced  River,  but  probably  is  independent.  At 
Friant,  on  the  Fresno  River,  the  gravel  runs  a  few  cents  a  yard,  and 
the  saving  of  from  one  to  two  cents  a  yard  is  now  being  made  as  a 
by-product  in  a  gravel  crushing  plant  located  there. 

On  the  Kings  River,  about  twenty  miles  above  Piedra,  is  a  gravel 
deposit  on  which  considera])le  money  has  been  spent  in  a  futile  manner. 
This  deposit  drains  the  granite  belt  almost  exclusively  and  is  exceed- 
ingly low-grade.  The  front  rims,  however,  in  the  early  days  paid  small 
wages  to  miners  where  there  was  a  certain  amount  of  local  concentra- 
tion, and  as  a  result  of  exaggerated  stories  regarding  the  richness  of 
these  diggings,  numerous  companies  have  been  floated  without  the 
slightest  prospect  of  success. 

On  the  Kaweah  River,  in  the  jMarble  Fork,  attempts  have  been  made 
at  placer  mining,  but  none  of  these  have  been  successful.  Practically 
all  of  the  gold  in  the  gravel,  w^hich  is  extremely  low-grade,  has  come 
from  the  breaking  down  of  pj^ritic  masses  from  the  granite,  which  is 
the  predominant  country  rock. 

Around  "Woody,  in  Kern  County,  and  White  River,  in  Fresno,  the 
erosion  of  stringers  in  the  granite  has  produced  local  gulch  concentra- 
tions which  Avere  extensively  worked  for  considerable  distances  in  the 
early  days.  Very  little  of  this  is  left,  however,  which  can  be  classed  as 
placer  ground.  There  have  been  some  good  quartz  ledges  in  this  dis- 
trict, which  were  probably  responsible  for  the  feeding  of  the  placers. 

One  of  the  earliest  placer  camps  in  the  state,  at  Keyesville  on  the 
upper  Kern  River,  consisted  mainly  of  gulch  diggings,  which  were 
enriched  by  the  erosion  of  stringers  in  the  granite  close  to  an  area  of 
metamorphie  rocks.  In  Rich  Gulch,  Sand  Gulch  and  Keyes  Gulch  there 
is  evidence  of  much  work,  but  little  or  no  workable  ground  is  left.  For 
thirty  miles  down  the  river,  however,  the  gulches  have  been  worked  at 
intervals.  Around  Havilah  is  much  gravel,  but  the  pay  has  already 
been  worked  out.  On  Piute  and  Greenhorn  mountains  is  still  a  little 
gravel  which  might  possibly  pay  to  work. 

On  the  south  fork  of  the  Kern  River,  about  thirty  miles  above 
Isabella,  there  is  a  little  hydraulic  ground  with  poor  dump,  which  is 
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ii(»t  of  \  (TV  liii;li  uradt'.  Alt('iiij)ls.  liowcvcr.  have  Imcii  mad*'  to  woi'k 
it.  'I'lie  river  sands  Itclow  the  jimction  of  the  north  and  s(Mitli  forks  of 
the  Kern  Kivcr  carry  some  tcllui-idt'  coiidniiat ions  of  jrold.  'J'lierc  is  a 
irorir(»  ill  the  river  below  Tsahella  and  eoinmencin^  just  alxjve  Keyes- 
NiUe,  which  conhl  easily  be  worked  by  divert in«r  the  river.  This  river 
is  report (hI  to  be  vir«j:in  at  this  point  on  tlie  authority  of  the  men  who 
tri(»d  to  work  it  about  fifteen  years  a*ro.  It  seems  (juite  ])ossible  that 
this  irorire  mi«::ht  be  worth  while  j)rospectin<j:,  as  much  izoM  must  liavc 
lieen  fed  into  this  i-iver  from  the  ^uleli  di^»rinjrs  on  the  northeast  side. 
It  would  not  be  a  very  expensive  undertaking  to  prospect  it. 

Section  5. 

OUTLYING    DISTRICTS. 

While  the  (/oa.st  l\an«re  in  the  Franciscan  rocks  has  never  been 
l)i'oductive  of  any  great  concentration  of  gold,  nevertheless  there  have 
l)een  numerous  local  enrichments  in  which  extraction  has  been  attempted 
at  various  times  by  placer  miners.  In  San  Luis  Obispo  County  is  an 
area  of  P^-anciscan  metamorphics  which  has  thrown  some  gold  into  the 
tributaries  of  Poso  Creek,  but  not  in  any  great  (piantity.  Attempts  have 
been  made  to  work  this  by  steam  shovel  and  by  mechanical  elevation. 
At  Fraser  Canyon  and  near  La  Panza  are  considerable  areas  of  gravel 
but  they  are  low-grade  and  extremely  spotty.  Thus  far  no  economic 
success  has  attended  any  work  done  in  this  district  in  spite  of  the  fact 
that  there  is  plenty  of  water  available  for  working.  The  gold  is  exceed- 
ingly tiaky  and  fine  and  the  district  is  very  spotty. 

West  of  Jolon,  in  ^Monterey  County,  is  a  pocket  district  close  to  the 
coast  which,  by  its  erosion,  has  produced  some  very  heavy  gold.  Some 
of  the  finest  nuggets  that  the  writer  has  encountered  in  the  whole  state 
have  been  exhibited  to  him  a,s  coming  from  this  region.  Apparently, 
however,  there  is  no  considerable  amount  of  placer  territory  which 
would  justify  the  expenditure  of  any  great  capital  or  an  attempted 
working  of  this  district  by  anything  but  pick  and  shovel  methods. 

At  Surf,  Santa  Barbara  County,  is  a  very  considerable  concentration 
of  black  sand  which  is  slightly  auriferous  but  which  is  not  an  economic 
projoosition. 

Returning  to  the  northern  portion  of  the  Coast  Range,  in  ^Mendocino 
and  Lake  counties,  there  are  local  concentrations  similar  to  those 
already  mentioned  at  Poso  and  La  Panza.  While  in  the  northern 
(^ountry  these  areas  carry  some  platinum,  their  gold  content  is  so 
low  that  they  are  not  of  au}^  economic  importance.  There  is  one 
deposit  in  the  neighborhood  of  Hopland  which  carried  considerable 
platinum,  but  the  distribution  of  both  gold  and  platinum  was  so  spotty 
and  irregular  that  an  attempt  made  to  work  it  by  modern  mechanical 
methods  failed  of  success. 

There  is  only  one  of  these  outlying  districts  away  from  the  great  belt 
of  metamorphic  rocks  in  the  Sierras  which  seems  to  the  writer  to  have 
any  economic  interest.  In  ^lono  County,  on  the  headwaters  of  the 
Walker  and  on  A^irginia  and  Dog  creeks,  is  an  area  of  gravel  which  will 
pan  about  25  cents  a  yard.  At  Podie  Flat,  not  far  from  this  region, 
considerable  placer  work  was  done  in  the  early  days.  While  the  Bodie 
concentration  appears  to  have  been  principally  a  primary  enrichment 
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J'roiu  IccljL^'cs  ;ijk1  sli'in^crs,  tlic  area  on  X'ir^iiiia  and  Dog  creeks  (consists 
of  well-rounded  wasli  f^ravel,  varying  in  depth  from  five  to  ten  feet  and 
distributed  over  several  liundi'ed  acres  of  ground. 

At  tlie  time  of  the  writer's  visit  the  dei)tli  of  tlie  gi'avel  did  not 
ai)|)ear  to  be  sufificiently  great  to  justify  the  expense  of  a  hydraulic 
mstalhition,  owing  to  its  widespread  distri})ution,  and  the  difficulty  of 
getting  tli(»  wat(U*  ui)()n  tlie  ground  under  pres.sure.  Since  that  time, 
however,  it  is  i-ei)()i'ted  that  shafts  have  been  sunk  through  what 
appeared  to  be  the  bedrock  of  the  country,  proving  it  to  be  false  bed- 
rock. It  is  said  that  about  thirty  feet  of  gravel  has  been  developed 
underneath  this  false  bedrock,  which  carries  fairly  good  values.  If  so, 
the  district  is  worthy  of  investigation,  with  an  eye  to  the  possibility  of 
working  it  with  a  small  dredge,  as  the  upper  gravels  apparently  carry 
gold  in  sufficient  quantity  to  make  them  of  economic  consideration. 

DRY   PLACERS. 

Dry  placers  of  the  State  of  California  are  for  the  most  part  located 
in  the  southern  portion,  chiefly  in  the  region  of  the  ]\Iojave  and  Colorado 
deserts.  These  were  probably  the  earliest  known  sources  of  gold  in  the 
.state.  In  connection  with  the  dry  placers  of  this  region,  there  is  one 
district,  however,  that  has  not  heretofore  been  discussed  but,  as  it  lies 
ill  the  same  general  region,  it  will  be  briefly  described. 

This  district  forms  what  is  probably  the  only  promising  or  possible 
area  of  ground  in  southern  California  which  is  suitable  for  dredging. 
It  lies  in  the  Holcomb  Yalley  about  four  miles  north  of  Big  Bear  Lake. 
It  is  apparenth^  a  primary  concentration  from  the  erosion  of  the  schists 
and  porphyrys  of  the  Gold  ^lountain  region.  It  is  a  broad  porphyry 
belt  which  crosses  the  country  in  a  northwesterly  and  southeasterly 
direction  and  can  be  traced  for  several  miles.  This  belt  is  apparently 
full  of  numerous  quartz  stringers  and  pocket  seams.  In  places  the 
country  rock  for  considerable  widths  will  run  three  or  four  dollars  a 
ton  in  gold.  It  is  from  the  erosion  of  this  belt  that  the  Holcomb  Valley 
placers  have  been  formed.  During  the  late  80 's  and  early  90 's  it  was 
operated  by  an  English  company  by  means  of  steam  shovels  and  eleva- 
tors. ]Most  of  the  work  was  done  around  the  edges  of  the  deposit  and 
but  little  was  attempted  in  the  deeper  gravel  in  the  center.  However, 
it  is  said  that  most  of  the  material  handled  by  this  operation  averaged 
between  30  and  35  cents  a  yard.  This  seems  quite  possible  from  the 
nature  and  type  of  the  erosion. 

At  the  present  time  there  is  an  area  of  some  three  or  four  hundred 
acres  on  Holcomb  Creek,  which  varies  in  depth  from  ten  to  fifty  or 
sixty  feet,  and  which  seems  as  if  it  might  be  possible  to  segregate  suffi- 
cient dredging  ground  to  make  an  economically  feasible  proposition. 
The  only  water  available  is  that  from  Holcomb  Creek,  but  a  minimum 
of  thirty  to  forty  inches  is  at  all  times  available  and  during  the  winter 
and  spring  months  there  is  considerably  more.  This  water  should  be 
sufficient  to  maintain  the  dredge  pond  during  the  greater  portion  of 
the  year.  The  proposition  apparently  justifies  prospecting  to  determine 
its  possibilities. 

Coming  back  to  the  dry  placers  proper,  a  good  deal  of  prospecting 
and  work  has  been  done  in  the  San  Gabriel  Canyon  and,  in  the  late  80 's, 
several  small  operations  were  in  process  on  the  auriferous  gravels  that 
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llaiik  llic  intmiihiiii  sides,  'riicsc  arc  iiiuloiildcdly  (d'  rccnd  (irii^dii  and 
of  i)riiiiary  coiicciilralion.  The  aiiKniiil  ol*  \val«'r  available  for  woi'kiiiir 
tluMU  was  very  limited,  but  Tor  the  most  pai-t  tliey  wei'e  woi'Ued  in  tlie 
spi'ini^"  wlien  impounding'  of  watei*  was  i)ossil)h'. 

From  the  time  of  tlie  days  of  tlie  Mexiean  eoh)nies  ^old  has  l)een  won 
from  tlio  dry  placers  of  tlie  desert.  The  Indians  in  the  days  of  the 
l)adres  used  to  hrinjj:  in  i^old  to  the  missions,  which  was  laboriously 
recovered  from  the  desert  washes  by  the  crudest  of  methods.  Unfortu- 
nately, howevei',  there  is  no  reliable  i-ecord  of  produetion  until  compara- 
tively modern  times;  but  we  know  that  in  total  it  amounted  to  many 
millions  of  dollars.  Since  the  American  occui)ation  of  (.'alifornia,  we 
liave,  however,  somewhat  of  a  record,  and  we  know  of  districts  whicli 
have  produced  from  a  hundred  thousand  to  two  millions  of  dollars — all 
won  by  hand  methods  and  mostly  by  dry  washint,^ 

It  should  be  remembered,  however,  in  consideration  of  these  figures, 
that  the  values  won  from  the  desert  placers  have  f^enei-ally  been  earned 
by  the  operations  of  a  nndtitude  of  men  working  independently  and 
that  the  extent  of  their  operations  in  point  of  time  covered  a  great  many 
years:  for  instance,  in  one  district,  the  ]*otholes  district  near  Yuma, 
fi'om  which  a  reported  production  of  .t2.()(H),()0()  has  been  taken  out.  as 
many  as  400  or  500  ^Mexicans  were  working  with  luind  washing  machines 
for  a  period  of  several  years.  If  this  point  is  borne  in  mind  in  consider- 
ing the  gold  production  of  the  desert,  it  will  be  readily  understood  why 
it  is  that  to  date  not  a  single  large-scale  operation  handling  dry  i)lacers 
in  southern  California  has  ever  been  successful. 

The  results  of  the  writer's  investigation,  which  has  covered  every  dry 
]ilacer  district  of  importance  in  the  desert,  have  on  the  whole  been 
decidedly  disappointing,  and  the  writer  is  forced  to  the  conclusion  that, 
these  placers  have  already  been  exploited  by  the  only  practical  means: 
the  Mexican  with  his  little  hand-operated  bellows  and  rocker.  The 
reasons  for  this  conclusion  will  be  given  herewith.  From  the  standpoint 
of  geological  history,  the  district  south  of  the  Teliachapi  has  been  dis- 
lincth^  different  from  the  region  of  the  great  valley  to  the  north.  The 
ranges  of  subsidence  and  elevation  have  been  much  less  during  Tertiary 
and  later  times.  During  the  later  ocean  transgressions,  including  the 
lone,  which  covered  the  foothills  of  the  western  slope  of  the  Sierras  and 
of  the  Coast  Range,  this  region  was  comparatively  quiescent.  For  this 
reason  it  may  be  assumed  that  the  topography  and  to  some  extent  the 
climatic  conditions  of  this  region,  during  the  time  in  which  changes 
were  taking  place  to  the  north,  did  not  vary  greatly. 

This  fact  leads  to  a  vital  diiterence  in  the  nuinner  and  amount  of 
deposition  of  the  gold  in  the  desert  channels,  so  far  as  it  occurs  along 
the  line  of  channels.  Whereas  in  the  north  we  have  a  primary  concen- 
tration from  the  erosion  of  the  metamorphics  and  intrusives  of  the 
Sierras,  to  be  followed  later  by  a  reconcentration  of  the  values  in  the 
Cretaceous  and  Tertiary  streams  by  the  present,  or  Quaternary,  drainage 
running  in  many  cases  normal  to  the  older,  in  the  region  of  the  desert 
we  have  an  entirely  different  condition,  and  one  not  nearly  so  favorable 
to  the  concentration  of  gold  in  large  quantity  and  persistent  amount. 

In  the  south,  the  drainage  during  Tertiary  times  evidently  did  not 
greatly  vary  from  the  present  lines.  Roughly,  practically  all  of  the 
deposits  on  which  stream  action  had  the  slightest  bearing  may  be  classed 
along  the  drainage  lines  of  ancient  streams  whose  courses  follow  the 
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li'ciicrnl  dircclioii  ol"  llic  inodcrn  ones,  such  ;is  llicy  jirc.  In  souk;  ('as<;s, 
llic  ;inci('iil  (tiics  scciii  hiT'^cr  lli;iii  lliosc  of  llic  prcsciil  day — in  otiicr 
cases  sinallci". 

Ill  San  Dii'iio  ('oiinty.  we  have  a  coiirsi^  which,  coiniucncing'  in  the 
('u\aiiiaca.  Moiiiilaiiis.  near  Jidiaii  and  Ihc  I>aiincr  district,  riuus  down 
tliroiiiili  J^allcna  via  JlaKichl  and  Colciiian  creeks  which  have  crossed 
it  and  caused  local  conceiitrat ion — down  tiirou<ih  lianiona  and  the  San 
Vicente  re«»ion,  and  finally  empties  into  the  ocean  somewhere  around 
La  Jolla.  This  ret»'ion  is  not  of  economic  importance,  as  the  values  were 
very  spotty,  according-  to  the  records  of  the  districts,  and  facilities  for 
working  are  limited  to  a  very  short  season  of  the  year. 

P^ast  of  this,  in  Imperial  County,  we  have  either  local  erosion  deposits, 
like  that  in  the  Bore^'o  country — which  is  said  to  averafje  ahout  fifteen 
cents  a  \'ard — or  the  deposits  in  the  Chuckawalla  basin,  the  Chocolate 
^fountains,  the  Eagle  Kanize,  and  the  country  north  and  east  of  Desert 
Center.  These  were  all  more  or  less  tributar}^  to  the  drainage  system  of 
the  Colorado,  which  is  })robably  one  of  the  oldest  rivers  on  the  western 
slope.  On  the  Colorado  itself,  or  near  it,  we  have  the  Potholes,  at 
Laguna ;  the  Picacho  Basin ;  and  other  deposits  in  the  Blythe-Parker- 
Ehrenberg  region.  These  were  all  investigated  by  the  writer;  and  his 
conclusion  is  that,  although  a  recorded  production  running  into  the 
millions  has  come  out  of  them,  little  remains  of  interest  to  either  large 
capital  or  the  small  miner. 

The  gravel,  or  eroded  material,  was  very  ispotty  and  seemed  to  carry 
the  values  in  the  subangular  stuff  at  some  distance  above  bedrock;  and 
any  pumping  scheme  which  might  be  used  to  get  water  would  be  so 
costly  and  cumbersome  that  the  ground  will  never  pay  it  back.  The 
Mexican  with  his  little  portable  machine  and  lack  of  overhead  in  moving 
from  gulch  to  gnlch  wdiere  the  greatest  concentrations  were,  had  the 
only  feasible  system.  The  Picacho  and  Lagiina  deposits  are  disinte- 
grated schists  and  slates  for  the  most  part,  containing  quartz  stringers 
from  which  the  gold  has  come.  In  both  cases  the  erosion  caused  by  the 
Colorado  River  at  the  base  of  a  low  range  of  hills  has  resulted  in  the 
accumulation  of  this  material.  The  river  Avash  itself  does  not  carry 
much  value,  but  the  disintegrated  matter  above  carries  it;  and  the  ero- 
sion of  present  day  gulches  has  resulted  in  local  concentrations  which 
were  Avorked  by  the  ]\Iexicans. 

In  the  OAvens  Lake  country,  along  the  eastern  base  of  the  Sierras,  is  a 
series  of  short  channels  and  delta  gravels  along  the  shore  line  of  the 
ancient  sea,  which  once  occupied  the  Owens  RiA^r  Basin.  Apparently 
a  short  channel  came  in  through  Red  Rock  Canyon,  Avhere  it  Avas  joined 
by  another  which  came  from  the  Avest  in  the  neighborhood  of  Tehachapi 
by  way  of  JaAvbone  Canyon.  The  shore  line  can  then  be  traced  clear 
throngh  by  Avay  of  Goler  and  Summit  Diggings  to  Copper  Canyon  and 
Long  Range.  It  is  especially  developed  at  Coolgardie,  bnt  is  again  lost 
as  the  formations  dip  under  the  recent  wash  near  Barstow\  At  inter- 
A^als,  notably  at  Goler  and  at  Coolgardie,  there  appear  to  have  been 
short  channels  Avhose  deltas  are  expressed  in  these  places. 

In  addition  to  this,  there  are  Avashes  of  recent  origin,  snch  as  the  one 
at  St.  Elmo  near  Goler.  The  St.  Elmo  Avash  Avas  directly  enriched  in 
modern  times  from  the  erosion  from  the  Stringer  district,  and  is  still 
being  Avorked  in  a  small  Avay  by  hand  dry  washers.  Another  short 
channel  comes  doAvn  from  the  Goler  Avash  in  the  Panamint  Mountains. 
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As  this  wash  is  tv|)i('.'il,  a  i)li(»l()'^i-,i|)li  ol'  it  is  sliown.  MMiis  syslciii  of 
chaiiiicls  and  ot"  shore  ufravcis  is  one  ol"  Ihc  hcsl  I<ii(t\\ii  in  llir  south  and 
(•()ri'('sj>()nds,  in  tiic  iia1nr(>  oi'  its  I'onnalion,  to  the  aiirii"('i-<>us  and  con- 
iiloMUM'atr  jifravols  wliicli  liavc  Ix'cn  n()t(Ml  in  SisUiyou  and  Shasta  coun- 
ties. Tlie  conditions  of  its  i'oiMuation  were,  liowevcr,  widely  different. 
Til  is  system  illustrates  a  point  which  strikes  the  writer  very  forcibly 
in  its  beai'iuir  on  the  possible  economic  ojxM-ation  of  these  •Travels. 

As  a  rule,  the  stream  j^ravels,  which  consist  of  well-rounded  boulders 
of  crystalline  rocks  IVom  the  Sierras,  cai'i-y  no  value  at  all.     \Vher(;ver 


Photo   No. 


;4.     Head   of   Goler   Wash,    Pana- 
mint  Mountains. 


they  cross  a  belt  of  metamorphics  containing  quartz  stringers,  or  any 
body  of  olivine  bearing,  or  other  basic  rocks,  by  local  erosion  there  is 
produced,  in  connection  with  the  heavy  cloudbursts  that  sweep  down 
the  gulches  intermittently,  local  concentration  of  gold.  As  a  result, 
at  Goler,  for  instance,  one  can  notice  that  the  shingling  of  the  washed 
material  is  transverse  to  the  general  direction  of  the  course  of  the 
deposits.  Heavy  gold  is  found  near  the  tops  of  the  ridges  and  from  30 
to  60  feet  above  bedrock  and  on  local  false  bedrocks  of  clay  and  dis- 
integrated volcanics. 
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Al  Suiiiiijil  I  )ij^«'injLi:s,  iiilciisivcly  woi-kcd  on  ncroiinl  ol"  its  shallow 
(It'plli  (lurinu;-  Iho  early  days,  operations  have  hoeii  startcMl  wliich  eoii- 
t(Miij)lat('  l)rini2:iii*i'  water  twelve  miles  to  cover  tin;  dej)Osit.  The  same 
thini>-  has  been  i)r()p<)se(l  at  ('ooluardie  with  a  fifteen  mile  water  system. 
As  the  richer  portion  of  the  coneentrations,  that  is,  the  portions  which 
have  accininilated   in  the  present  day  trnlclies,  have  lon^-  been  worked 


Thoto  Xo.   35.     Dry  Washer    (Close-up),   Summit  Diggings, 

Kern    County. 

out  I)}'  hand  methods  and  the  general  body  of  the  deposits  in  either  of 
these  places  will  only  run  from  15  to  60  cents  a  yard,  it  does  not  seem 
that  either  is  an  economic  proposition. 

In  Lytel  Creek,  along  the  line  of  the  Santa  Fe,  there  was  a  local  con- 
centration from  the  stringers  in  the  granite.  This  has  already  been 
worked  out.    A  little  water  was  available  here. 
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In  the  prospoctiiiij:  of  any  of  tlicso  ;»ro;»s  it  slioiild  Ix'  home  in  mind 
tliat  tho  trroater  foncent ration  of  values  will  always  he  found  where 
there  hus  been  the  g:reatest  erosion.  This  coneentration  will  natnrally 
lie  fairly  elose  to  hedroek,  hnt  in  estimatin^^  the  average  values  for  the 
yardage  availal)le  eare  should  be  taken  to  ])rosi)eet  the  entin*  surface 
of  the  available  m-ound  and  to  caivfully  note  the  dei)osits  of  the  rieher 
strata  of  niateiial.  This  eharaeteristie  is  esjx'cially  evidenced  in  the 
]ila(*ers  above  mentioned  on  Lytel  (h'eek. 

The  last  of  these  very  interestinji:  systems  consists  of  a  cliannel  which, 
eoniin<r  down  from  Placerita  Canyon  near  New^hall,  is  another  branch 
which  headed  above  Boncjuet  Canyon,  crossed  into  San  Franciscjuito 
Canyon  and  came  down  somewhere*  below  Pirn,  to  be  joined  by  another 
conrse  which  came  from  Lock  wood  bv  wav  of  Pirn  C'anvon.     This  Avas 


Photo    No.    o6.      Dry  AA'asher,    Summit   Diggings,   Kern    County,   Cal. 

much  w^orked  in  the  early  history  of  Los  Angeles  and  Ventura  coun- 
ties, but,  as  even  the  Chinamen  gave  it  up  as  no  longer  affording  them 
a  living,  it  would  not  be  advisable  for  a  white  man  to  try  it.  The  values 
appeared  to  be  concentrated  on  the  points  of  the  present  hills  and  in 
the  gulches.    Quite  a  little  water  was  available  for  working  this  system. 

Attention  must  again  be  called  to  the  fact  that,  in  estimating  the 
gross  production  of  this,  as  well  as  other  regions  of  the  desert  placers, 
a  large  part  of  the  work  which  has  been  done  there  was  done  when 
wages  averaged  about  $1  a  day  in  times  of  industrial  depression.  i\Iany 
men,  making  a  bare  living  at  best,  preferred  to  be  their  own  masters 
while  doing  it;  and  the  aggregate  of  all  their  earnings  presents  an 
impressive  figure.  Considering  the  length  of  time  involved  and  the 
number  of  men  employed,  it  is  no  wonder  that  the  aggregate  amount, 
even  from  very  poor  diggings,  Avas  large. 

One  final  point  that  has  impressed  the  writer,  and  with  particular 
force,  is  the  total  and  absolute  failure  of  air  separation  processes  when 
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applied  on  anything  larger  than  a  hand  scale.  Two  monuments  to 
this  failure  still  stand  in  mournful  state;  one  at  Goler,  and  the  other 
at  (Joolgardie.  Limited  eai)acity  and  imperfect  separation  are  the  main 
reasons.  A  machine  which  will  work  on  a  laboratory  scale  with  material 
which  has  been  dried  on  a  hot  plate  certainly  will  not  be  a  success  when 
applied  to  the  pjeneral  run  of  desert  material,  especially  after  a  shower 
has  moistened  the  ground.  The  material  simply  balls  up  on  the  canvas 
tables  which  are  generally  used.  Furthermore,  machines  of  this  char- 
acter are  generally  so  cumbrous  that  they  lose  the  chief  advantage  of 
the  hand  machine,  which  is  its  mobility.  As  the  hand  machine  is  light 
and  easily  operated,  it  can  be  transported  from  one  spot  or  concentra- 
tion of  gold  to  another  as  soon  as  the  pay  has  been  worked  out. 

In  the  accompanying  illustrations  the  simplest  form  of  hand  machine 
for  working  dry  placers  is  shown.  These  photographs  were  taken  dur- 
ing the  prospecting  of  the  Summit  Diggings  before  referred  to. 

At  the  present  time,  near  Randsburg,  a  dredge  operation  has  recently 
been  started  in  which  the  principles  involved  in  the  Huelsdonk  con- 
centrator, described  in  the  second  chapter  of  this  volume,  are  being  used. 
There  is  not  much  question  that  the  saving  should  be  satisfactory  with 
this  type  of  machine,  but  to  the  writer's  mind  the  question  remaining 
to  be  proved  is  whether  the  values  are  in  the  ground,  as  the  con- 
centrations in  this  district  are  exceedingly  treacherous  and  spotty. 
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